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ABSTRACT
The TERRASTAR report presents the results of a systems approach study
on the Application of Solar Energy to the Energy Crisis. The report was
completed in 11 weeks by 20 senior faculty from universities throughout
the United States. These faculty represented a variety of disciplines in
the engineering, life, physical, and social sciences.
The application of solar energy to the energy crisis of the 70's andbeyond is discussed in the context of energy consumption in the U.S.,
energy resources in the U.S., and the state-of-the-art of solar energy
applications. Solar energy application concepts, such as solar farms (a
term used to describe vast fields of concentrators collecting solar energyfor the generation of steam to drive power turbines), an orbiting solarpower station, and the conversion of solar energy into solar power forheating and cooling of individual buildings on the earth, are discussed.
The report emphasizes the application of solar energy to the heating
and cooling of buildings since this application seems to be more promisingin the near term as far as research and development are concerned. Theimportance of initiating research and development on all solar application
concepts is stressed as an important step in pursuing the use of solar
energy. Immediate steps leading to the application of solar energy toheating and cooling of buildings are outlined to insure appreciable energydisplacement through the use of solar energy by the year 2020.
The report is divided into four parts. The first part presents the
energy overview and discusses energy consumption and energy resources.
Three scenarios for projected energy consumption through the year 2020 arediscussed. One scenario following through on the current exponential
projection of energy consumption through the year 2020 discusses theimplications of energy consumption increasing from about 70 Quads in 1972
to 377 Quads by the year 2020. Scenario two, which calls for drastic
constraints on energy consumption and supply, discusses the implications
of these constraints on limiting the total increase in energy consumption
and supply to 98 Quads by the year 2020. Scenario three, the recommended
goal for the U.S., discusses the rationality of pursuing a consumption and
supply curve which reaches a level of 148 Quads by the year 2020. Asindicated, the implications of each of these scenarios are discussed and
related to energy resources in the U.S. and the World. In particular, theimplications of foreign oil imports are discussed in relation to the
consumption and supply projections.
Part II of the report discusses solar energy systems for buildings andpower generation. The various components for solar energy systems are
examined. Solar heating and cooling in buildings is presented in terms ofthe componcnts required for space cooling and heating and the problems
associated with solar power systems are presented.
Part III discusses strategies for and the impact of solar energy
utilization. A National energy policy is examined, the potential for solar
energy is presented, the impacts for solar energy utilization are discussed,
and the market potential for solar heating and cooling in buildings isexamined on a national and regional basis. Finally, Part III presents a
suggested strategy for solar heating and cooling in buildings.
xi
Figure A-i on the following page presents this overall strategy. 
It
consists of a feasibility study, research and development on equipment and
components for solar heating and cooling in buildings, the development 
of
a design procedure for solar heating and cooling in buildings, the collection
and analysis of data such as solar insolation data and climatic data, an
optimization study of building types by region, and development of optimum
equipment for particular buildings and particular regions. The description
of this optimized equipment by regional areas would then lead to the
manufacturing and marketing and, finally, installation of solar power
equipment as indicated in Figure A-l.
Concomitant with the development of equipment and design procedures are
incentives for the adoption of solar heating and cooling equipment. These
incentives can take many forms such as tax breaks for private homeowners or
building contractors to subsidies for R&D and equipment development which
would encourage the free enterprise system to assume the responsibility
for developing the solar power systems domestic market, as well as the
export market. It is important to note that there is a need for 
professionals
and technicians trained in solar power systems to support the solar power
heating and cooling equipment market and the availability of these profession-
als could be a part of the incentive program.
Finally, the report presents conclusions and recommendations germane to
the terrestrial application of solar technology and research. The reader
should note that the SI system of units is not employed in the text. The
choice of the British system of units was made to coincide with present
practice in the power industry. The last appendix presents conversion
tables to convert values from the British system to the SI system.
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PREFACE
1973 MSFC-AUBURN Systems Design Experience
The application of solar energy to the energy crisis
constituted the broad problem statement for the training exercise for
the 1973 MSFC-Auburn Engineering Systems Design Summer Faculty Fellowship
Program. The group, consistent with the program intent, narrowed the project
to evaluate the potential, and develop strategies for implementing the
heating and cooling of buildings by use of solar energy.
The basic systems approach as employed is illustrated in
Figure 1. As is seen, any problem is viewed as consisting of an objec-
tive, requirements to satisfy the objective, and constraints and criteria
which are controls that must be considered when trading-off approaches
to the requirements in order to arrive at a plan or means of satisfying
the objective. The four steps of the systems approach, (1) translation,
(2) analysis, (3) trade-off, and (4) synthesis, seem obvious until 
the
problem becomes complex and one has difficulty in identifying an objec-
tive, requirements, constraints, and criteria. These terms are defined
as follows:
Translation - determining a common language (or terminology)
for the statement of the problem objective and the criteria and constraints
that are acceptable to, and understandable by, all participants.
Analysis - determining as many alternative approaches as
possible to solve the problem as a whole or to solve portions 
of the
problem.
Trade-Off Study - applying selection criteria and constraints
to choose the combination of alternatives to meet the objective.
Synthesis - a combination of the analysis and trade-off
phases to achieve a "best" solution to the problem statement that 
was
structured during the translation phase.
Other terms used in the approach are defined as:
Objective - the function of the system or the strategy that
must be achieved, performed, or accomplished.
Requirement - a partial need (stated in the most generic form)
to satisfy the objective. A requirement may be itself an objective for
a subsystem study.
Alternative - one of many ways to satisfy or implement a
requirement.
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SYSTEMS APPROACH (DEDUCTIVE/INDUCTIVE)
CONTROLS
CONSTRAINTS &
CRITERIA
ALTERNATE
EQUIREMEN
ALTERNATE
T
R
ALTERNATE A
OBJECTIVE EQUIREMENT D RESULT
ALTERNATE O
ALTERNATE
EQUIREMEN
ALTERNATE
ITERATIVE FEED BACK
-TRANSLATION ANALYSIS I TRADE ISYNTHESIS .
FIGURE 1. STEPS IN THE SYSTEMS APPROACH
Criterion - a measure of the desired performance of the
system or strategy to meet the objective.
Constraint - an upper or lower limit on the system or
strategy.
The systems approach as described above was used by the faculty
fellows as an outline to guide their efforts during the evolution of
the TERRASTAR project. The diagrams for the study are displayed herein
to provide a background for the reader.
First,the faculty fellows organized themselves into four task
teams and elected task group leaders and a project leader. This
process of electing leaders was conducted three times during the 
course
of the program to give as many participants as possible the opportunity
to serve in a leadership role. The task group organization is seen in
Figure 2.
The diagramatic display of the systems approach used is seen
in Figures 3 through 11. Figure 3 shows the overall systems approach
diagram for the group. A number of sub-systems studies are nested
within the system study of Figure 3. In fact, increasing definition of
a problem system study and the requirements of a sub-system are in
turn objectives for sub-sub-system studies and so on. This nesting
concept is illustrated in Figure 4 through 12. Each requirement in
Figure 3 is the objective of a sub-system approach study as diagramed
in Figures 4 through 7. The requirements of the objective shown in
Figure 7 are objectives for sub-subsystem studies shown in Figures 8 and
9. This nesting of systems studies within systems studies is further
seen as the requirements of Figure 9 are seen as sub-sub-subsystems
studies in Figures 10, 11, and 12.
The constraints and criteria, constituting the controls for
trade-off of the study, as depicted in Figure 3, are an important,
yet often misunderstood,aspect of the systems approach methodology. In
general, the constraints are the bounds on a system or strategy and
the criteria are the measures of system performance. The TERRASTAR
project controls were separated into two generic areas: operational
and functional controls. Operational controls are invariant and are
composed of those physical limitations inherent in every finite project
effort. Examples of such items are the limitation of time, personnel
capabilities, library resources, budget, etc. Each task group of the
project was controlled by these same limitations over the project
duration.
The functional controls indicated in Table I are the constraints
and criteria imposed upon the efforts of the TERRASTAR design group. Some
of these controls are invariant and others are established by the
system planners.
The approach as discussed herein is presented to set the
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report in the proper context. Hopefully, the report is a contribution
to the literature but its main function was to serve as a teaching
device for the 1973 NASA-ASEE Engineering Systems Design Summer Faculty
Fellowship Program.
Table 1
CONTROLS FOR THE DESIGN PROJECT
1. Operational/Administrative Controls
a) Program funding
b) Time allowed for program
c) Number of participants
d) Other factors
2. Functional/System Controls
a) Beneficial impacts will result from the
design group study in regard to high visibility,
implementation feasibility and wide spectrum
of audience coverage.
b) The general application areas of solar energy
will be addressed to establish a frame of
reference for the project.
c) The main thrust of the project will be toward
the application of solar energy in the United
States, although reference to the world context
will be noted.
d) The area of heating and cooling in buildings
will be the focal point to indicate both the
specific and broad implications of the use of
solar energy.
e) Specific illustrative examples will be used to
indicate the potential of solar energy utilization.
f) Effort will be directed toward the formation of
a national energy policy.
g) Social, cultural, economic, political, environmental,
educational and technical interactions will be
evaluated.
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INTRODUCTION
In the beginning God created the Heaven and the
Earth. And the Earth was without form, and void,
and darkness was upon the face of the deep.-----
------ And God made two great lights; the greater
to rule the day and the lesser the night--------
And God saw that it was good---
Genesis I
In this the first book of the Old Testament,man's dependence upon
the sun is described in a very clear manner. It remained for modern
geology, however, to define in a clearer fashion how much work the sun
had done on the Earth prior to the coming of man.
The sun through the hydrological cycle and photosynthesis had
placed large amounts of hydrocarbons in the form of oil, coal and gas in
storage near the surface of the Earth. Early man, however, relied to a
very small degree on these fossil fuels and instead used the sun directly
to light his path, warm his body, and help grow his crops. He was there-
fore directly dependent upon the sun and as a result his lifestyle and
culture were patterned about the sun and the seasons determined by the sun.
Many early civilizations worshiped the sun and some offered human sacri-
fice to it.
Modern man, however, has,through his technology and utilization of
fossil fuels, decreased his direct dependence upon the sun. Man now can
create his own light and heat as well as power his industries through the
burning of fossil fuels.
Given this freedom from direct dependence on the sun, why try
in 1973 to find methods of utilizing the sun as a prime energy source?
The reasons for this shift in attitude are many but are primarily: the
rapid depletion of fossil fuel resources, an incipient energy crisis,
some unanswered questions about nuclear energy and its safety, and a heavy
reliance upon imported oil and gas with a resulting balance of payments
deficit. It is anticipated that when advanced technology is applied
to the utilization of this readily available source of energy it will
ultimately provide the world with an ample supply of energy to sustain
modern society.
It may come as a surprise to the reader that solar energy has been
a subject of study for about 90 years and actually powered electrical
plants in Egypt in 1913, has heated homes in many areas of the world, has
heated water and been used to distill water for entire islands near Greece.
More exotic research has been directed toward the use of solar cells to
supply electrical power to most of the nation's space vehicles. Given
this past research effort the question may well be asked, "Why hasn't
solar energy been widely utilized?" The prime reason is that it was being
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developed in a period of very low fuel costs and thus could not compete
in the energy marketplace. Additional reasons are that there hasn't
been a concentrated, coordinated R&D effort, and that many of the con-
cepts preceeded the necessary materials development.
The changing scene in the supply and cost of fuels has sparked
interest in solar energy on the part of the federal government. This
interest was focused in the recent solar energy panel sponsored by NSF-
NASA and its publication "Solar Energy as a National Energy Resource."
It is in this changing energy environment that TERRASTAR was researched
and prepared by an interdisciplinary group of 20 college faculty members
under the auspices of NASA-ASEE.
The TERRASTAR report is presented to show the role that solar
energy could play in the future energy picture of the United 
States. The
report defines that role by analysis of the total energy consumption 
and
supply sectors, and projections of how they will change in the future.
The competing fuel resources are presented to illustrate how solar energy
measures up in terms of quantity, reliability and location. A description
then follows of all solar energy systems and applications that have been
proposed, utilized or researched to show the large range of applications
possible. The final part of the report discusses the strategies 
required
to gain acceptance of solar energy as a resource and what impacts, both
positive and negative, would result from its utilization. A 
key part of
the strategy is the formulation of a national energy policy which would
set the stage for optimum utilization of all of our natural resources.
Finally, the TERRASTAR report concentrates on the solar heating and
cooling of buildings and envelops a strategy for the acceptance of this
specific concept. This concept was chosen by the group and it is 
their
opinion that this is the concept which is furtherest along in its 
devel-
opment and is the first application of solar energy utilization that
will be offered to the American people. The TERRASTAR report closes with
a section of conclusions and recommendations which summarizes the findings
of the authors.
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PART I ENERGY OVERVIEW
In order to give the reader an overview of the energy situation
in which the nation stands, the energy consumption history of the United
States is presented along with a projection to the year 2020. Then, three
possible scenarios of future energy consumption are given along with supply
constraints. Each scenario defines the "energy crisis" in a different way,
in magnitude and duration. The end use of energy is considered along with
possible changes in end use. Finally, a survey of all energy resources is
presented.
CHAPTER I. ENERGY CONSUMPTION - PAST,
PRESENT, FUTURE
The energy consumption history of the United States and the
changes which could take place in our consumption characteristics in the
next 50 years have been studied and are presented herein.
1-1. HISTORY OF TOTAL ENERGY CONSUMPTION
The United States has often been criticized as being "power
hungry"; with only 6 percent of the world's population, we are presently
using 33 percent of the world's energy. Figure 1-1, which represents
energy consumption in the period 1900-1970, suggests several distinct
periods of growth, as follows:
Period Average Annual Increase
1900 - 1920 0.51 x 1015 Btu/year
1920 - 1930 0.25 x 1015 Btu/year
1930 - 1935 
-0.70 x 10 Btu/year
1935 - 1945 1.24 x 1015 Btu/year
1945 - 1950 0.71 x 1015 Btu/year
1950 - 1965 1.30 x 1015 Btu/year
1965 - 1970 3.00 x 1015 Btu/year
The effect of a war, economic depressions, and postwar transi-
tion periods on energy consumption are apparent in this list. Also, the
changing nature of war (i.e., more energy intensive) can be seen by com-
paring the periods 1915-1920, 1940-1945, 1950-1951 and 1965-1970 which
approximately covers WWI, WWII, The Korean Conflict and the Vietnam War
(major U.S. involvement). The energy growth rates for these periods are
as follows:
WWI - 1915 - 1920 0.58 x 1015 Btu/year
WWII - 1940 - 1945 1.52 x 1015 Btu/year
Korean War - 1950 - 1951 2.78 x 1015 Btu/year
Vietnam - 1965 - 1970 3.00 x 1015 Btu/year
All postwar periods show a definite decrease in the rate of
energy growth. This casts some doubt on most current projections, which
assume an increasing rate of growth for the current post Vietnam War
period, even though the latest statistics show only a 2.3% increase for
1971 as compared to the 6% increase in 1968.
When viewed in broader perspective, Figure 1-1 reveals three
distinct periods of growth. From 1900-1920, growth occurred at 0.5 xlO10 Btu/year; 1920-1935 was a no-growth period; and 1935-1965 shows a
growth rate of 1.2 x 1015 Btu/year. Many projections of future energy
/L / - ez_-
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needs are based on the Vietnam War growth rate for 1965-1970 of 3.0 x 1015
Btu/year (a maximum of 3.5 in 1968), even though this is twice that of any
previous period in our history, excluding the Korean War.
1-2. SOURCES OF ENERGY
Figure 1-1 also indicates the primary energy sources that man
has utilized from 1900 to 1970. The consumption of petroleum products
(gas and oil) was virtually non-existent in 1900 but by 1970 accounted
for approximately 76 percent of our energy supply. In 1970, wood had
virtually disappeared as a source of energy while nuclear power, which was
in its infancy, amounted to only 0.2 percent of the total. Other minor
sources utilized by man in certain regions are tidal, geothermal and, to
a very limited degree, solar.
1-3. ENERGY PROJECTIONS
The forecasting of future energy consumption is at best an
inexact science. The evaluation of such forecasts is also very difficult.
The staff of the Committee on Interior and Insular Affairs of the United
States Senate noted with regard to major available energy studies that
"... the underlying assumptions were so thoroughly concealed that the
projections of supply and demand could not be reliably normalized among
the reports considered."
In order to better define our energy demands for the next 50
years, various governmental agencies have commissioned studies to corre-
late existing projections. The reports of the three main studies are
described below:
o The U.S. Energy Problem - by the Intertechnology Corp. for
NSF-RANN -- November 1972.
This report surveyed 56 separate projections and
with curve fitting techniques developed a total "energy-
time equation":
ET = (65.5739 x 1015) x (1.02806) (Year - 1970)Btu/year
This continues the exponential growth curve of the past 30
or more years. The forecasts surveyed in this study were
made in the early-to-mid 1960's. Many of them projected
trends only to 1980, and just three of them to the year
2020.
o A Review and Comparison of Selected U.S. Energy Forecasts
by Pacific Northwest Laboratories of Battelle Memorial
Institute - December 1969.
1-4
This report surveyed 19 forecasts selected by the
Energy Policy Staff of the Office of Science Technology. The
selected forecasts were made between 1960 and 1968. The study
is very complete in analyzing the assumptions made by each
forecaster, as well as identifying the limitations of each.
However, it did not recommend any specific projection.
o Federal Power Commission Study - 1971.
This study surveyed eleven forecasts selected by the
Senate Committee on Interior and Insular Affairs, following
the same approach as the Battelle study. The forecasts
analyzed by the FPC were made in 1970 or 1971. This study
did not recommend a specific projection.
Several other projections have been made since late 1971 and are
shown along with the previously mentioned forecasts in Table 1-1.
Virtually all of the forecasts analyzed are extrapolations of the
post World War II experience of the United States and are based upon a
common set of assumptions as follows:
o The Gross National Product will increase at 3 to 5 percent
per year.
o Population will increase at 1 to 1.6 percent per year.
o Fuel costs will remain at their current level relative to
other fuels and to prices in general.
o Fuels will be available in sufficient quantity to meet demand.
o Nuclear energy will increase.
o The cold war will continue.
The forecasts also implicitly make the following assumptions:
o The demand for energy will be inelastic ( increases in price
have little effect on demand).
o National awareness of potential energy crisis will not
change consumption habits.
These assumptions accurately reflect the national experience of
the past 30 years, and if past conditions were to remain unchanged over
the next 50 years, the forecasts based upon them would be acceptable.
However, as Lewis Mumford has said, "Trend is not destiny." As a nation
we have the opportunity and the responsibility to modify these trends.
Strong currents of change are already discernable today in national thought
and circumstances. The inclusion of these changes which are occurring or
Table 1-1. TOTAL ENERGY CONSUMPTION IN UNITS OF 1015 BTU
PROJECTOR 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
U.S. Energy to the Year 2000
Dept. of Interior Dec., 1972 68.98 80.26 96.02 116.63 136.0 160.0 191.9
U.S. Energy Outlook,
National Petro. Counc., 1972 67.83 83.48 102.6 124.9 200.0
The U.S. Energy Problem,
InterTechnology Corp. 65.57 75.30 86.48 99.31 115.0 130.05 149.0 172.0 200.0 227.0 264.0Nov. 1972
The 1970 National Power
Survey, FPC Dec. 1971 68.80 82.51 98.94 118.65 142.29
The National Energy Outlook
Shell Oil, March 1973 68.80 82.4 100.00 118.10 143.5
Outlook for Energy in the
U.S. to 1985, Chase Man- 69.82 87.0 108.43 134.88
hattan Bank, June 1972
"Energy, Economic Growth and
the Environment." RFF 68.80 81.97 95.14 114.92 134.7 162.35 190.01
April, 1971.
Assessment of Energy Tech.
AET-8, 1972, Assoc. Univ. 17.0 77.0 300.0
Inc. Upton N.Y. (Brookhaven)
Battelle Northwest Survey NA 73.00 85.93 118.1 35.2
December 1969 (Range) 79.60 97.82 I19.6 174.0
Intertechnology Corp. Study NA 63.00 73.00 10.0 102.0 05.0 155.0
for NSF-RANN (Range) Nov 1972 88.0 105.00 130.0 140.0 187.0 10.0
Projection Based Upon Popu- 69.0 79.7 82.4 85.8 88.8 91.2 93.1 99.8 96.4 97.3 98.3
lation and per capita energy 80.2 96.6 119.2 206.0 377.2
Proj. (Range)
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beginning to occur in the mid-1970's leads to a new projection of energy
consumption.
The assumptions upon which the energy consumption projection
planned growth curve contained in this report is based 
are as follows:
o U.S. population growth will follow the Census Bureau Series
E projection of an annual rate of growth of 0.6 percent
[1-1].*
o The Gross National Product will continue to rise at 3
percent.
o Fuel costs will increase at rapid rates relative to other
commodities. (President Nixon expects energy prices to
double by 1985 [1-2]). Reference [1-3] suggests that the
cost of electricity will increase by 50 percent and the cost
of fossil fuels may increase by 100 percent in the next
several decades; the Federal Power Commission [1-4] estimates
a 19 percent increase in the cost of electricity.
o Energy demand will be price-elastic in the long run and
increasingly elastic as prices rise. (This assumption is
being accepted by more and more decision-makers and is a
significant deviation from the conventional assumption of
the past.) [1-5, 1-6, 1-7].
o Petroleum products, oil and gas, will be in short supply
despite increasing prices.
o Energy conservation will be stressed by government, industry,
and educational institutions.
o The federal government w ll adopt a national energy policy
which will tend to optimize the utilization of our national
resources.
o The thaw in the cold war will continue and expenditures on
defense as a percent of the national budget, will decrease.
(The Defense Department currently (1971) utilizes 7.7 percent
of the U.S. petroleum products and 3.2 percent of the total
U.S. energy consumption [1-8]. These are direct Department
of Defense usage rates and do not include the energy utilized
to manufacture weapons.)
This set of assumptions differs greatly from that adopted by
most forecasters of the 1960's. However, it is believed to be more in
keeping with the transitional phase that the country is going through
with respect to energy utilization.
* References are at the end of each Chapter.
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In order to place the forecast of total energy consumption in
better perspective, curves A and B are shown in Figure 1-2 as extensions
of Figure 1-1. Curve "A" represents a lower bound on projected energy
consumption and is arrived at by multiplying the projected 1975 per
capita energy consumption (371.4 x 10 Btu/year/capita) by the Series F
(lower bound) population projections of the Bureau of the Census given in
Table 1-2. Curve "B" represents an upper bound and is arrived at by
multiplying the projected per capita energy consumption of the Department
of Interior [1-9] by Series C (upper bound) population projection [1-1]
of the Bureau of the Census from Table 1-2. The energy values thus obtain-
ed are shown in the bottom row of Table 1-1 and in Table 1-3.
Table 1-2. U.S. POPULATION PROJECTIONS 1 (103 PEOPLE)
Year Series C Series D Series E Series F
19502 -------------------- 152,300------------------------
19602 --------------------180,700------------------------
19702 --------------------204,879------------------------
19722 -------------------- 208,837------------------------
1975 215,872 215,324 213,925 213,378
1980 230,955 228,676 224,132 221,848
1985 248,711 243,935 235,701 230,913
1990 266,238 258,692 246,639 239,084
1995 282,766 272,211 256,015 245,591
2000 300,406 285,969 264,430 250,686
2005 321,025 301,397 273,053 255,209
2010 344,094 318,156 281,968 259,332
2015 367,977 335,028 290,432 262,631
2020 392,030 351,368 297,746 264,564
1U. S. Bureau of the Census, Series P-25, No. 493, December 1972.
2Actual
Curve "C" on Figure 1-2, can be considered to be a target or a
"planned growth curve". It is based upon a qualitative decision that
assumptions C through G will exert sufficient downward pressure on the
growth of per capita annual energy consumption so that it will increase
only to 500 x lO1 Btu by the year 2000. Analysis of Figure 1-3 shows
that large per capita increases have only occurred during wartime. The
annual per capita consumption was almost constant at about 190 x 106
Btu from 1910-1940 ang relatively constant around 225 x 106 Btu from
1949-1955 at 248 x 10 Btu for 1956 to 1961. Figure 1-4 indicates
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Table 1-3. ENERGY PROJECTION SCENARIOS (1015 Btu)
Scenario 11 Scenario 22 Scenario 33
Year "Upper Bound" "Lower Bound" "Mid Course"
19714 69.0 69.0 69.0
1975 80.2 79.7 79.7
1980 96.6 82.4 93.0
1985 119.2 85.8 106.0
1990 88.8 118.0
1995 91.2 126.0
2000 206.0 93.1 132.2
2005 94.8 136.5
2010 96.4 141.0
2015 97.5 145.2
2020 377.2 98.3 148.8
1. Using highest Bureau of Census projec ion (Series C, Dec., 1972)
and projected per capita consumption.
2. Using lowest Bureau of Census projection (Series F, Dec., 197j)
and constant per capita consumption of 371.4 x 106 Btu/person
from year 1975 onward.
3. Using an intermediate Bureau of Census projection (Series E
Dec., 1972 and constant per capita consumption of 500 x 10
Btu/person from year 2000 onward.
4. Actual
5. Includes fuel and non-fuel uses of fossil energy.
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that even in these constant per capita consumption periods,the total
energy consumption increased due to population increases. It is only in
the war decades that growth has occurred due to large per capita consump-
tion growths.
It should be emphasized that the 500 x 106 Btu per capita figure
used in Scenario 3 is an increase of 50% over the 1971 figure.
The total energy consumption curve of this Scenario from 1900 to
2020 follows very closely the classic LOGISTIC of the Belgian mathemati-
cian Verhulst, which predicts 197 has the point of maximum slope. Using
an annual consumption of 79.7 (105 Btu) in 1975 (building from zero at
1900), his curve would predict a maximum value of 159.4 Quads in the year
2020. The so-called logistic curve describes the manner in which nature
limits animal population, and therefore is perhaps a guide to rational
behavior for man. It is also interesting to note that with its present
rate of increase, the United States is heading toward a zero population
growth (ZPG) at approximately the year 2040 which is about the same year
that we could reach a status of approximately zero energy growth (ZEG).
The figures in Table 1-3 show that the severity of the
"Energy Crisis" depends significantly on which consumption curve the
United States follows in the future. To place each projection in better
perspective, a complete scenario for each of the three projections is
presented below.
The assumptions common to all scenarios are:
o Commercial fusion reactors will have no significant
effect on energy supply before the year 2020.
o Breeder reactors will be available commercially by the
year 1990.
o No major wars with direct U.S. involvement will occur
before the year 2020.
o The federal government will relax its restrictions on the
price of natural gas in interstate commerce.
o Foreign oil and gas will be available, sometimes inter-
mittantly, but the price will increase considerably as
our demand increases.
o As the price of a fuel increases, relative to alternative
fuels, its supply will become more elastic (the supply
will increase), because the increased price will make
exploration and production more attractive.
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o The usage of domestic oil and gas which is recoverable
at today's prices will be decreased to 10 x 1015 Btu/year
by the year 2020 to conserve the remaining reserves for
non-fuel uses (plastics, pharmaceuticals, asphalt, syn-
thettc rubber, etc.) This policy would insure at least
a 100 year reserve of domestic oil and gas for non-fuel
uses beyond the year 2020.
o Hydropower qnnot economically be made to supply more
than 6 x 10'3 Btu/year by 2020.
o Regardless of how much projected energy demand is reduced
by the year 2020, R&D effort must be exerted toward the
utilization of a variety of energy resources, including:
a) Oil from shale
b) Coal gasification and liquification (coal is now
plentiful)
c) Secondary and tertiary oil and gas recovery
d) Solar power
Even if these sources are not absolutely required by the
year 2020, as in Scenario 2, emergencies may occur that
could require such backup technology. This backup also
may be required if the breeder reactor is delayed in
development. Solar energy must be developed for two main
reasons: (1) fossil fuels are finite, and (2) fusion
may not be technically feasible for many years after
2020.
Scenario 1: Upper Bound on Consumption.
This scenario represented in Figure 1-5 and Table 1-4 assumes
in addition to the above, that the projected consumption (gross total
inputs) can be supplied through the year 2000 With the same allocation of
energy sources as assumed by DOI [1-9], supplemented by geothermal and
solar power and less-readily obtainable domestic oil.
Each energy source is projected to satisfy as much of the
consumption as it possibly might, consistent with interactive system
considerations of technology, politics, society, economics, and the
environment. Thus: A further discussion of the assumptions used to
allocate the energy sources follows:
o Hydropower will be pushed to its limit - 6 Quad.
o Geothermal power will be used to supply roughly half of
that proposed in Table C-6 , Appendix C in the "Intensive
R&D Effort" column,
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Table 1-4 SCENARIO 1 (UPPER BOUND) CONSUMPTION ANDSUPPLY PROJECTIONS (1015 BTU)
Enery Source 1971 1975 1980 1985 2000 2020
Domestic
Coal 12.6 13.8 15.4 19.5 25.9 50.0Higher Grade Oil 22.6 22.1 23.8 22.6 19.2 10.0Lower Grade Oil 
- - 1.0 5.0 10.0
Synthetic (coal) Oil - - - 1.0 2.0 10.0
Natural Gas 21.8 22.6 23.0 22.5 22.9 10.0Synthetic (coal) Gas 
-
-
.7 2.0 5.5 10.0Nuclear Power .4 2.6 6.7 11.8 49.2 100.0
Hydropower 2.8 3.6 4.0 4.3 6.0 6.0Geothermal Power 
- - .5 2.0 5.0 10.0Solar Power 
-. 2 6.0 40.0
Subtotal 60.2 64.7 74.1 86.9 146.7 256.0
Foreign Imports
Oil and Gas 8.8 15.5 22.5 32.3 59.3 121.2
Total 69.0 80.2 96.6 119.2 206.0 377.2
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o Direct use of coal will be increased four-fold by 2020.
Although pollution abatement devices will be well-developed
long before 2020, they will still be expensive to buy and
use and, hence, will discourage the use of coal to some
degree. Strip mining legislation will hinder the mining
of coal which will also discourage the use of coal.
o The use of presently recoverable (lower priced) domestic
oil will be decreased to 10 Quads by 2020.
o Higher priced oil (off-shore, secondary recoverable,
shale oil, etc.) will have to be used. Off-shore oil will
not be developed as fast as technology would allow because
of environmental pressures. Processes for commercially
extracting oil from shale will become more economically
viable because of technological advances and rising fuel
prices.
o The production of 10 Quads of oil from coal will be commer-
cially feasible by 2020.
o The use of domestic natural gas will be decreased to 10
Quads by 2020.
o Commercially obtaining 10 Quads of gas from coal will be
economically feasible by 2020.
o To obtain 49.2 Quads of nuclear power (1200 gigawatts
output) by year 2000 and 100 Quads (2500 gigawatt) by
2020 would require a major federal and societal effort,
but it can be done. (Of course, building plants at this
rapid rate increases the chances of a nuclear accident.)
o Solar power (which will be discussed in considerable
detail in Chapter 8), although having potential for
supplying more than 40 Quads of energy by the year
2020 as projected by the NSF/NASA panel [1-11], is limited
in its growth because it has to compete for the limited
R&D and capital investment funds available. Nuclear
power and coal research having a greater impetus 
and an
existing bureaucracy (AEC and Office of Coal Research)
give them a greater advantage in obtaining governmental
funds and private capital than does the fledging solar
power "industry".
o Imports of gas and oil will have to increase from 8.8
Quads in 1971 to 121.2 Quads by 2020.
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The probable impacts on the U.S. of Scenario 1 would be as
follows:
o An energy crisis (and related crises) would truly occur.
o A major federal program in terms of legislation, R&D
funding, taxation, financing, incentives, etc. would have
to be developed to insure that this level of consumption
could be supplied.
o Because of the large, crash R&D effort required to attain
the levels of energy required from each source and because
of the limited R&D funds available, non-energy R&D efforts
would have to be curtailed.
o Investment capital would become extremely difficult to
obtain. The Federal Reserve would have to relax deposit
requirements and decrease interest rates. The federal
government might have to establish priorities relative to
who gets the available funds. The prospect of capital
rationing will exist.
o Well over a trillion dollars in capital will be required
to build just the nuclear plants projected prior to year
2020. To obtain this amount of money, utility rates will
have to be revised to make the earnings of these companies
much more attractive to investors than they presently are.
o The extremely large trade deficit incurred from importing
large and ever-increasing amounts of oil and gas will
cause the nation to be on the verge of international
bankruptcy by 2020.
o Most non-fuel exports from other nations will be too
expensive for U.S. consumption because of the extreme
devaluation of the U.S. dollar. Our exports will not keep
up with our GNP because, although our goods will be compe-
titive in foreign markets, these other nations will have
advanced their products to the point where our products
are less attractive.
o The amount of natural resources required merely to
construct and fuel new energy plants would severely de-
plete many of the already limited U.S. reserves.
o The manufacturing capability of many U.S. industries
(mining, steel, aluminium, copper, glass, fabrication,
and construction) will have to be increased greatly to
provide the materials for these plants.
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o The pollution standards for burning fossil fuels 
will have
to be relaxed initially until anti-pollution devices 
can
be developed and installed. Also nuclear waste storage
will become an increasingly touchy problem and 
will
probably not be resolved before 2020.
o The large quantity of imported oil and gas required will
necessitate the building of a large fleet of super-tankers
and several deep-water ports at a tremendous expense.
Roughly 550 super-tankers (250,000 DWT each) will have to
be built by the year 2000 [1-12], and twice that many by
2020. We have none now and we cannot rely on foreign
tankers solely, from an economic, reliability and defense
point of view, to handle this load in the future.
This list of impacts could be expanded, but it should be clear
by now the insanity of proposing to maintain the present per 
capita con-
sumption growth rate. While this rate of increase could 
be maintained for
some time, it must eventually decline because of the impacts described
above.
Scenario 2: Lower Bound on Consumption.
Under this scenario, the projected energy consumption is
supplied by the energy resources as allocated in Figure 
1-6 and Table
1-5. This allocation is assumed to be as forced as in Scenario 1 but
to have less deleterious economic, societal and environmental effects.
A more detailed discussion of the assumptions used in this
scenario are as follows:
o Hydropower is not pushed to its limit, as in Scenario 1,
but is leveled off to 5 Quads by the year 2000.
o Geothermal power is kept at the lower level of development
as shown in Table C-6 , Appendix C.
o Direct coal use is expanded slowly to double its present
value by 2020.
o Presently recoverable (lower priced) oil use is eventually
decreased to 10 Quads by 2020.
o Although not needed in this scenario, some higher priced
oil (off-shore, shale oil, etc.) is used to advance the
required technology.
o Coal liquification, although not essential, is also
available through advances in technology.
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Table 1-5 SCENARIO 2 (LOWER BOUND) CONSUMPTION AND
SUPPLY PROJECTIONS (1015 BTU)
Energy Source 1971 1975 1980 1985 2000 
2020
Domestic
Coal 12.6 13.8 15.0 16.2 19.9 23.0
Higher Grade Oil 22.6 22.1 20.8 19.5 15.5 
10.0
Lower Grade Oil - - - - 1.0 3.0
Synthetic (coal) Oil - - .5 1.0 2.5 
5.0
Natural Gas 21.8 22.6 21.2 19.8 15.6 10.0
Synthetic (coal) Gas - - .5 1.0 2.5 5.0
Nuclear Power .4 2.6 6.7 10.0 15.1 23.0
Hydropower 2.8 3.6 4.0 4.3 5.0 5.0
Geothermal Power - - .3 .6 2.5 5.0
Solar Power - - . 3.0 8.0
Subtotal 60.2 64.7 69.0 72.5 82.6 97.0
Foreign Imports
Oil and Gas 8.8 15.0 13.4 13.3 10.5 1.3
Total 69.0 79.7 82.4 85.8 93.1 98.3
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o Natural gas usage will be decreased to 10 Quads by 2020.
o Coal gasification, again, not needed, but available.
o Nuclear power plants will be built at a fairly slow rate,
23 Quads (560 gigawatts) by the year 2020. However,
through 1985 our nuclear power expansion has been more or
less committed.
o Solar energy will make a small contribution of 8 Quads.
o Imports will double by 1975 but will eventually taper off
to 1.3 Quads by 2020.
The probable impacts of the above consumption/supply assump-
tions are as follows:
o No energy crisis would exist in the long run. The present-
ly impending oil and gas import problem will grow somewhat
worse by 1975 and then taper off by 2020 when 1.3 Quads
must be obtained from imports. (The present oil and gas
problem could be managed by a modest, crash, governmental
conservation program).
o This scenario may be no less forced than Scenario 1, but
its effects are much less drastic. This scenario would
require considerable control in two areas:
a) Population: to assure that we follow the lower
population curve, a moderately increased birth
control program would be required. More stringent
immigration policies could force this now.
b) Per Capita Consumption: to keep this constant at
371.4 x 106 Btu/year would require strong federal
control - probably fuel rationing.
o Fixed per capita consumption at the 371.4 x 106 Btu/year
could put a serious damper on GNP and industrial growth -
possibly even effect large scale, emergency defense
efforts. The increase in the rise of our standards of
living could be retarded somewhat.
Considerable conservation of energy (decreased usage and
increased efficiency) would be essential to assure growth
in many areas.
o The trade deficit in oil and gas would not be overly
burdensome and could be managed during its short duration.
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o Nuclear power will be installed slowly enough so that
sufficient time is available to solve the waste storage
problems.
o The R&D required to perfect shale oil extraction, coal
gasification, and liquification, geothermal power and
solar power will be done at a "leisurely" rate, as
compared to Scenario 1, and will not require a major
crash R&D effort. Present federal R&D funding levels
could support our needs.
o The level of imports will require only a small investment
in super-tankers and one or two deep-water ports.
o Manufacturing industries and natural resources will not
be pushed to meet this demand.
o Pollution levels thus produced can easily be controlled.
Scenario 3: Rational Mid-Course Consumption - Planned Growth.
The allocation of the supply sources in this scenario, shown
in Figure 1-7 and Table 1-6, is entirely feasible and will have a stabili-
zing effect on society and the environment. An interactive systems
approach (considering technology, economics, politics, society and the
environment) was used to make the allocations of energy sources. These,
briefly, are as follows:
o Hydropower will not be developed to its ultimate limit,
but will level off at 5 Quads by the year 2020.
o Geothermal power will increase only to the lower level of
output as shown in Table C-6, Appendix C.
o Direct coal use will be expanded to slightly less than
three times its 1971 usage, its highest rate of growth
occurring between 1985 and 2000.
o The usage of presently recoverable (lower cost) oil will
decrease to 10 Quads by 2020.
o Extraction of the more costly oil (off-shore, shale,
secondary recovery, etc.) will increase to 8 Quads.
o Coal liquefication R&D will be prodded tc produce 8 Quads
by 2020.
o Natural gas usage will decrease eventually to 10 Quads
o Coal gasification will provide 8.5 Quads by 2020.
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FIGURE 1-7 SCENARIO 3 (RATIONAL) CONSUMPTION AND SUPPLY
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Table 1-6 SCENARIO 3 (MID-COURSE) CONSUMPTION AND SUPPLY
PROJECTIONS (1015 BTU)
Energy Source 1971 1975 1980 
1985 2000 2020
DomesticCoal 12.6 13.8 15.4 17.9 30.2 35.0
Higher Grade Oil 22.6 22.1 23.8 22.1 16.9 10.0
Lower Grade Oil - - 1.0 
4.0 8.0
Synthetic (coal) Oil - - - 1.3 5.1 8.0
Natural Gas 21.8 22.6 23.0 21.4 16.5 10.0
Synthetic (coal) Gas - - .7 2.0 
5.4 8.5
Nuclear Power .4 2.6 6.7 10.9 
25.5 35.0
Hydropower 2.8 3.6 4.0 4.3 5.0 5.0
Geothermal Power - .3 .6 
2.5 5.0
Solar Power - - .1 
3.5 20.0
Subtotal 60.2 64.7 73.9 81.6 114.6 
144.5
Foreign ImportsFOil and Gaorts 8.8 15.0 19.1 24.7 17.6 4.3
Total 69.0 79.7 93.0 100.0 132.2 
148.8
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o Nuclear power capability will be moderately increased to
25.5 Quads by the year 2000 (only 52% of that projected
by DOI [1-9]) and to 35 quads by 2020.
o Solar power will be slowly increased to 3.5 Quads by 2000
and then fairly rapidly increased to 20 Quads by 2020,
as R&D efforts bear fruit.
o Imports of oil and gas will triple by 1985, but will then
decline to 4.3 Quads by the year 2020.
The probable impacts of Scenario 3 are as follows:
o Since per capita consumption increases to 500 x 106
Btu/year (a 50% increase over the 1971 figure) by the
year 2000:
a) High energy users could at least maintain their usage
(saturation is almost reached by many in this group
now) and low energy users would be able to increase
their usage - a redistribution would not be necessary
as there would be in Scenario 2.
b) Industrial growth would not be stifled. However,
improved conservation of energy would be advantageous
to the industries themselves.
o The moderate amount of R&D funding and capital investment
which would be required would not necessitate a major,
national crash energy program with its associated legisla-
tion, funding, taxation, etc. as Scenario 1.
However, the federal government would be required to
moderately increase its efforts in the areas of R&D
funding, particularly in the areas of coal gasification
and liquification, nuclear power (breeder and fusion)
and solar power.
o The rate of expansion in the use of all energy sources
can be managed without any crash programs in industry -
industry can grow naturally at this rate with proper
planning.
o This scenario's occurence does not depend on any major
technical breakthroughs, since all processes are now
technically feasible and will only require moderate
government funding to become economically feasible.
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o Our material resources, fuels and construction materials
would not be overly taxed. Nevertheless, increased
conservation should be encouraged.
o The oil and gas import requirements will grow worse until
1985. Because of the built-in momentum of U.S. energy
growth, only drastic governmental intervention with
consequent disruption of the economy, could prevent this
use of imports. They will start to decline after 1985
when increased coal and nuclear power will be made avail-
able through the results of present R&D efforts.
Up through the year 2000, the U.S. should build super-
tankers and deep-water ports at a modest rate, using
foreign tankers to handle most of the needs until then.
Then, by the year 2020, when the import needs are small,
the U.S. will have a more than adequate fleet of its own
to handle the normal needs and contingencies. (if, on
the contrary, the U.S. builds as large a fleet as con-
templated in Scenario 1 and advocated by some spokesmen,
it would have, by the year 2020, a mammouth fleet of
white elephants.)
o Expanding energy usage at this moderate rate will allow
pollution-abatement devices to be perfected and economized
without resorting to an expensive crash program as is
required in Scenario 1.
Based upon consideration of these three scenarios, it is the
opinion of this group that a national energy policy for the United States
be drafted which promotes a rational, conservation oriented, utilization
of energy such as described in Scenario 3.
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CHAPTER 2. ENERGY AND RESOURCE CONSUMPTION
Having established that the demand for energy in the U.S. will
continue to rise for many years in the future, a look at the ways that this
demanded energy is used will help in determining the way or ways in which it
must be provided, and perhaps also provide some insight into what must be
done to insure that maximum benefit from the use of this energy is obtained.
Information on this subject is limited in both quantity and quality
and as a result any study of end-use consumption is at best subject to various
errors of approximation. Notable among recent literature resources is the com-
prehensive study performed by the Office of Science and Technology which focuses
on developments in energy consumption between 1960 and 1970 1] . Basic "raw"
information is reported in various sources. Examples are: U.S. Bureau of the
Census, Statistical Abstracts of the U.S. and the U.S. Bureau of Mines energy
consumption data.
For simplification of discussion the following various end-use sec-
tors of energy in the U.S. will be considered:
o Industrial (including manufacturing)
o Residential
o Commercial (including institutions)
o Transportation
2-1. TOTAL ENERGY END USE BY SECTOR
Fuel quantities and electric power consumption are here characterized
by a common unit of energy, the British Thermal Unit (Btu). In the case of
electric power, the Btu equivalent is the heating value of the fossil fuel
supplied to the electric generating station. The figures therefore include
generation, conversion and distribution losses as well as the energy supplied
to the consumer.
The most recent analysis of total energy consumption in the U.S. is
for the year 1968. The breakdown sector is: [2-1]
Consumption Growth Rate Percent of
(Quads) (Percent) Total
Residential 11.6 4.8 19.2
Industrial 25.0 3.9 41.2
Commercial 8.8 5.4 14.4
Transportation 15.2 4.1 25.2
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Of the more than 100 identifiable uses of energy, only a few appli-
cations collectively account for a significant proportion of total energy
consumption. Listed below are the significant end uses: [2-1]
End Use Percentage of Total
Transportation (fuel; excludes lubricants) 24.9
Space heating (residential, commercial) 17.9
Process steam (industrial) 16.7
Direct heat (industrial) 11.5
Raw materials, feedstocks 7.9
Electric drive (industrial) 5.5
Water heating (residential, commercial) 4.0
Air conditioning (residential, commercial) 2.5
Refrigeration (residential, commercial) 2.2
Lighting (residential, commercial) 1.5
Cooking (residential, commercial) 1.3
Electrolytic processes (industrial) 1.2
Other (individual uses less than one percent) 2.9
Total 100.0
It is most significant to note that the first 5 categories account
for over three-fourths (78.9 percent) of the total energy consumption.
Industrial/Manufacturing End Use of Enerqy. Industrial use of energy accounts
for 41.2 percent or 25 quads of the total energy consumption in the United States.
Analysis of patterns of end-use consumption is based on the Standard 
Industrial
Classification. The industrial sector is divided into 20 major end use groups.
Six groups in this classification account for two-thirds of 
the industrial con-
sumption of energy: [2-1]
Industrial Group Percent of Total
Primary metal 12.2
Chemicals and allied products 20.0
Petroleum refining 11.3
Food processing 5.3
Paper 5.2
Stone, clay, glass, concrete 4.9
Sub total 67.7
All other industries 32.3
Total 100.0
Residential End Use of Energy. The residential sector accounts for 19.2
percent or 11.6 quads of the total energy consumption in the United States.
Figure 2-1 indicates the distribution to the various end-uses. The rela-
tive percentage of various end uses is:
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DIRECT SPACE HEATING NIL
COAL NIL HEAT
NIL
SPACE HEATING 3236
DIRECT I WATER HEATING 979
HEAT
4598 . COOKING 325
NATURAL CLOTHES DRYING 58
GAS
4606
REFRIGERATION 5
MECHANICAL
DRIVE A.C. 3
8
OTHER NIL
-*01 SPACE HEATING 451
TOTAL
INPUT DIRECT WATER HEATING 61111,616 HEAT
1466
CLOTHES DRYING 141
8 R3818 F
F REFRIGERATION 687
MECHANICAL
DRIVE AIR CONDITIONING 424
2352
SPACE HEATING 2988
PETROLEUM
31923192
39 COOKING 49
CLOTHES DRYING 9
Figure 2-1. RESIDENTIAL END USE OF ENERGY
(Trillions. 1012 Btu)
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End Use Percent of Total
57.5
Space heating 14.9
Water heating 5.5
Cooking 6.0
Refri gerati on 3.7
Air Conditioning 3.0
Television 1.7
Clothes Drying 1.9
Food Freezing 5.8
Other 100.0%Total
Commercial/Institutional End Use of Energ. The Commercial/Institutional
sector is an agglomeration of various unrelated activities: wholesale 
and
retail trade, hotels, health services, schools, museums, art galleries 
and
all government institutions.
Consumption of energy in this sector accounts for 14.4 percent 
or
8.8 quad of the total U.S. energy consumption. As in 
the residential sector,
a major reason for the increased commercial share of energy is due to 
the
growing use of electricity and its associated conversion 
losses.
Again, as in the residential sector, space heating, water heating
and space cooling (air conditioning) accounts for between 2/3 and 3/4 of the
energy use in the sector. The "other" category includes such items 
as lighting,
mechanical drive (computers, escalators, office machinery, etc.) and perhaps
electric heat. The relative amount in each category is:
End Use Percent of Total
47.7
Space heating 4711.2
Asphalt and road oils 12.7
Space cooling 7.5
Water heating 7.6
Refrigeration 7.6
Cooking 11.7
Other 100.0
Transportation End Use of Energy. The transportation sector accounts for
15.2 quad or 25.1 percent of total U.S. energy consumption. The relative
quad importance of individual fuels is shown in the following:
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Fuel Percent of Total
Coal nil
Natural gas 4
L. P. G. 1
Jet fuels 13
Gasoline 68
Distillate fuel 8
Residual fuel 5
Lubricants 1
Electricity nil
Total 100%
Energy End Use for Creature Comfort. Since the time man discovered that fire
would warm his cave he has worked toward maintaining his living and working
habitat at a "comfortable" level at all times. Included in the "comfortable"
level is bathing and laundering in water at other than "stream temperature".
Although space cooling is at present a small part of the energy used for
internal environmental control, statistics show that it is growing at a very
rapid rate.
Space Heating. Space heating for residential, commercial, and
industrial sectors is the largest single end use of energy. The total is
close to 20 percent, with a growth rate of 4 percent per year which approx-
imates that for all energy growth.
Water Heating. Water heating accounts for 4 percent of total energy
consumption. Water heating is growing at 5.2 percent per year in the residential
sector and 2.3 percent per year in the commercial sector.
Space Cooling. Air conditioning, or space cooling, amounts to 2.5
percent of the total energy demand but the growth rate is 10.2 percent per year.
Sector End Use Predictions. When one looks at energy consumption statistics
for the year 1970 it is seen that usage is approximately divided equally between
residential and commercial, industrial, transportation and electricity producing
utilities[2-1]. As the total energy consumption curve follows its predicted rise,
residential consumption total volume stays relatively uniform, industrial decrea-
ses somewhat but transportation and electrical generation usage increases greatly.
Figure 2-2 shows the predicted pattern while the following tabulation shows the
differences in the 30 year span:[2-1, 2-3]
End Use Sector 1970 Percentage 2000 Percentage
Residential and 20.4 12.2
Commercial
Industrial 31.7 9.0
Transportation 24.0 36.0
Electrical 23.9 42.8
Generation
200
150
i,=:
I-l
m
In-
Lo
--------. ........
,50
::::::::::::::::::::::::::::::::::
1970 198 v1990
L
CA,
---- ---; ...... .o
50
o ~:::::igito 1990 2000: ::::::
1970 TIME, YEARS
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It must be kept in mind that although the electrical generating
utilities appear to be using a larger and larger segment of energy producing
resources, the energy they transform is used mainly by the Residential,
Commercial and Industrial consumers. Therefore it is unfair to label the
electrical generating utilities as "the bad guys" because everyone is using
the energy they produce.
2-2. OTHER DEMANDS FOR CURRENT ENERGY
The energy consumption and demand sectors of the U.S. have
been divided into the categories: residential and commercial, trans-
portation, industrial and electrical generation (utilities). All sectors
except electrical generation utilize varying amounts of fossil fuel re-
sources for non-energy purposes. Listed below are the three identifiable
non-energy use sectors of the U.S. with the end uses identified.
Residential and Commercial
Asphalt
Road Oil
Industrial
Special Napthas
Lubri cants
Waxes
Petroleum Coke
Petrochemical Feedstock Offtake
Transportati on
Lubricants
Waxes
The highest percentage of non-energy use by sector is industrial
with 71.3%. The household and commercial sector uses 28.4% and transportation
about 0.3%. From the industrial sector, the "petrochemical feedstock off-take"
is the major raw material input for the manufacture of products that play an
important role in our present life-style. Among these products are plastics,
building materials, fertilizers, cosmetics, and medicines (drugs). New tech-
nologies can undoubtedly satisfy man's energy demands after our fossil fuels
are gone, but the raw material for these petrochemical products will be ob-
tained only at a greatly increased, perhaps prohibitive, cost. Table 2-1 is
a summary of the projected fossil fuel demands for non-energy uses, and the
percentage of the total fossil fuel used for non-energy purposes, from Dupree
and West [2-2]. Their underlying assumptions are:
o The population growth rate will be one percent. This is the mid-
point of the D and E series (Chapter 1) estimated by the Bureau of
Census.
o Industrial production will increase at a rate of five percent
annually until 1980, and at 4.4 percent thereafter.
Table 2-1. PROJECTED NON-ENERGY CONSUMPTION OF FOSSIL RESOURCES [2-2]
Bitumious Coal Petroleum Natural Gas Total
and Lignite
Non % of Non % of Non % of Total Non % of Total % of
Year Energy Total Energy Total Energy Natural Energy Fossil Total
Use(b) Coal Use(b) Petroleum Use(b) Gas use(b) Fuels Energyc
1973 (a) 0.14 1.1 3.4 10.5 0.69 2.9 4.30 6.0 5.7
1975 0.15 1.1 3.80 10.8 0.70 2.8 4.65 6.3 5.8
1980 0.20 1.2 4.46 10.6 0.75 2.8 5.41 6.3 5.6
1985 0.33 1.5 4.85 9.6 0.80 2.8 6.35 6.3 5.4
2000 1.40 4.5 8.44 11.8 0.90 2.6 10.74 7.8 5.6
(a) Extraplolated from 1971 data and projected 1975 data
(b) 1015 Btu Equivalent
(c) Total energy used by U.S., all sources
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o The supply of fossil fuels will be limited by various factors.
The forecast takes into consideration all supply limitations for
fuels. It is, therefore, a forecast of consumption rather than
demand.
o The only major change in energy technology between now and 1985
will be the development of commercial techniques for coal gasi-
fication and liquefaction and control of sulfur oxide emissions.
Only evolutionary increases in the efficiency of utilization of
energy were assumed. The major technological change expected
between 1985 and 2000 is the commercial introduction of the breeder
reactor.
o The present slow trend toward a more service-oriented economy will
continue. The impact on energy consumption is considered minimal.
Conclusion. The only conclusion that can be arrived at from the preceeding
documentation is that the U.S. as a nation uses an enormous amount of energy
in its lifestyle. Both emphasize the fact that all possible sources of energy
must be utilized and that the efficiency of transformation, distribution and
utilization must be taken to the highest possible value. There are many ways
of generating energy that the U.S. could utilize. Some of these are practical
and some are not. But, whether or not the production method is "practical"
depends on the degree of necessity.
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CHAPTER 3. ENERGY RESOURCES
The previous chapter has drawn attention to the importance of
the preservation of fossil resources for non-energy uses in maintaining
our present standard of living. Of more growing concern is the inherent
danger in the continuing exponential growth in energy demands consuming
our non-renewable fossil resources. When considering the desir-
ability of efforts to reduce the growth rate of our energy consumption,
a major point is the adequacy of our resource base - both domestic and
foreign 
- for supplying our requirements.
3-1. FOSSIL FUELS - DOMESTIC
The determination of the quantity of fossil fuel resources for
energy is not a simple one, since most of these materials lie hidden in
the earth. Adding to the complexity of the problem is the fact that the
amounts recoverable are constantly changing as the advance of technology
permits recovery of energy materials that were once too low grade or tooinaccessible to mine, and utilization of materials that were not previous-
ly conceived as economical sources of energy.
The concept that supplies of usable fossil fuel resources are
extended by the advance of technology provides three conclusions pertin-
ent to preparation of resource estimates: (1) Even though resource
estimates are prepared, they can never represent a final inventory of the
amount of the resource in question, but are at best a quotation reflect-
ing the status of knowledge of resources at the time the estimates are
made; (2) in making and interpreting estimates of fossil fuel resources,
it is necessary to differentiate between deposits that are known and
closely appraised and those that are either not closely appraised or are
not as yet discovered but are believed to exist on the basis of geologi-
cal evidence; (3) it is necessary to distinguish between deposits that
are minable or recoverable at present costs and those that cannot be mined
now but might be recovered under more favorable economic or technological
conditions.
In Table 3-1,Perry's classification [3-1] is used to tabulate
fossil fuel resources nf the United States. Natural gas liquids and oil inbituminous rocks represent a small percentage of our total fossil fuel
resources. Shale oil will represent a large energy influx only when its
extraction becomes economically competitive with that of petroleum.
Therefore, only petroleum, natural gas, and coal are covered in this synopsis
of the domestic fossil fuel resources in detail.
,3-/
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Table 3-1. ESTIMATES OF U. S. FOSSIL FUEL RESOURCES [3-1]
(Quads, 1015 Btu)
Known Undiscovered Known Undiscovered
Fuel Recoverable Recoverable Marginal or Marginal 
or Total
Submarginal Submarginal
Coal 4,600 --- 29,000 55,000 
88,600
Petroleum 280 1,160 230 1,710 
3,380
Natural Gas 280 1,210 --- 880 
2,370
Natural Gas 30 140 --- 280 
450
Liquids
Oil in 60 70
Bituminous 10 ---
Rocks
Shale Oil 290 11,600 23,200 
34,090
Total 5,490 2,510 40,830 81,130 128,960
Using the data from Table 3-1, an attempt is made to anticipate
the adequacy of the larger resource bases, i.e., coal, gas, and oil. Two
mistakes are commonly made in discussion of the adequacy of fossil fuel
resources: (1) fuel reserves generally are underestimated, with inade-
quate allowance for new, as yet undiscovered, reserves, and 
(2) available
resources generally are compared with resource consumption at a single
point in time instead of considering the very considerable 
growth in con-
sumption each year. Figures 3-1 through 3-3 take into account 
these
common mistakes by calculating several growth patterns in demand and 
com-
paring these patterns against the previous tabular estimates of 
ulti-
mately recoverable resources for each type of fossil fuel.
Over the past decade, demand for natural gas and petroleum
has been growing at about 6% and 4%, respectively, per year, [3-2]. If
these growth rates continue into the future, as suggested 
by the NSF/NASA
Solar Energy Panel [3-3], and if the demand is met entirely from 
domestic
supplies, all ultimately recoverable domestic supplies of natural 
gas will
be exhausted by the year 2000. Domestic petroleum resources would be
depleted around 2003 to 2007. Coal then is our most important 
fossil
fuel in terms of use and availability. Presently coal resources are ade-
quate for centuries to come. However, the environmental consequences 
of
present technologies for mining and burning coal are severe 
in that
society has chosen to regulate and restrict the results of the use of
3-3
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coal. The goals for research relating to coal can be stated simply as:
the development of technologies to (1) mine and process coal without un-
acceptable effects to the environment and (2) convert coal to clean
gaseous and liquid fuels.
Synthetic Fuels from Coal. The manufacture of synthetic gas or oil 
from
coal is a new process as far as commercial production is concerned. The
commercialization of this process, along with the soaring use of coal by
the electric utilities, can greatly effect the quantity of coal reserves.
Coal Gasification [3-4]. One of the most important goals relative to
coal research and development for the next few years is the gasification
of coal to help reduce the short fall between anticipated demand and
limited domestic supplies of natural gas. Two prospects appear promising,
if the requisite technologies can be quickly developed and demonstrated:
o The manufacture of gas from coal which can be a replace-
ment for natural gas in terms of energy content - the
so-called "high" Btu gas.
o The manufacture of gas that contains less energy - "low"
Btu gas - that would be suitable as fuel for steam.
Electric power plants or industrial users located in
the vicinity of "low" Btu gas could reduce the demand on
natural gas, conserving the latter for residential and
commercial uses.
Coal Gasification State-of-the-Art:
o Principal responsibility for R and D: U.S. Department of
the Interior and American Gas Association.
o Approximate funding:
Current rate: 30 million dollars per year, (20 million
dollars federal, 10 million dollars industry).
Future: 30 million dollars per year for next four (4)
years, approximately 175 million dollars in succeeding
4-year period.
o Current state of development: Pilot plant stage.
o Next objective: Build and operate demonstration plant(s).
o Major problems: Development of optimized process(es) and
scale-up.
o Import to energy crisis:
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The development of a commercial capability to gasify coal
will have a significant impact on the energy economy of
the U.S. in that it will allow the increased utilization
of a plentiful resource (coal) in an environmentally accept-
able fashion.
Coal Liquefaction [3-5]. In general,coal liquefaction is not receiv-
ing the amount of emphasis in research and development that is placed on
coal gasification. The following status on the state-of-the art rein-
forces this statement:
o Principle responsibility for R and D: U.S. Department of
the Interior.
o Approximate funding: Current rate: 10 million dollars per
year. Future rate: 10 million dollars per year.
o Current state of development: Pilot plant.
o Next objective: Operate present and planned plants together
and analyze data needed to achieve commercialization.
o Major problems: Materials handling and equipment problems
and process simplification to achieve lower unit costs.
o Import to energy picture.
The development of a commercial coal liquefaction capability
would allow increased utilization of our coal resources and avoid "most"
of the environmental problems associated with the direct combustion of coal.
Viable coal liquefaction technology could have considerable effect on
future U.S. liquid fuels import policy.
In summarizing, various scenarios on resource depletion esti-
mates for the fossil fuels of the United States are given in Table 3-2.
These scenarios were constructed by the Cornell Workshop on Energy and
the Environment [3-5]. Four basic cases for each of the models of growth
in demand (an extrapolated growth model - EGM - which assumes past
exponential growth in demand for natural gas, petroleum, and electricity
continues at 6.2%, 3.9%, and 6.1% per year, respectively; and a reduced
growth model - RGM - which assumes that growth in total demand for gas,
petroleum, and electricity drops to 3%, 3%, and 4% per year, respectively.)
The four cases are:
o Neither imports nor synthetic fuels are available - all
demands must be met by domestic supplies;
o Imports are not available but synthetic fuels production
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begins phasing into the supply picture in 1980, and
grows until it meets all of the annual incremental demand
for petroleum and gas by 2000;
o Synthetic fuels are not available but imports increase
according to the National Petroleum Council estimates
until they supply 60 percent of domestic demands, and
remain at 60 percent thereafter; and
o Both synthetic fuels and imports are available as previously
described.
Table 3-2. RESOURCE DEPLETION ESTIMATES FOR VARIOUS SCENARIOS [3-6]
Year in Which All Ultimately Recoverable
Resources are Depleted
Fuel and Low Estimate High Estimate
Case Description
EGM (a) RGM (b) EGM RGM
Natural Gas
No imports, no synthetic fuel (c) 1989 1991 2000 2007
No imports, synthetic fuel 1990 1992 2008 2016
Imports, no synthetic fuel 1993 1997 2010 2025
Imports, synthetic fuel 1996 2000 2037 2050+
Petroleum
No imports, no synthetic fuel 1988 1988 2011 2014
No imports, synthetic fuel 1989 1989 2027 2030
Imports, no synthetic fuel 2001 2003 2031 2038
Imports, synthetic fuel 2006 2008 2050+ 2050+
Coal
No synthetic fuel 2050+ 2050+ 2050+ 2050+
Synthetic fuel 2032 2050+ 2044 2050+
(a) extrapolated growth model
(b) reduced growth model
(c) synthetic fuels from coal gasification and liquefaction
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Thus, the outlook for fossil fuel supply is not very bright if
we assume that a continuing exponential growth in demand must be met.
However, the introduction of new technologies using totally different
energy sources such as the utilization of solar energy, geothermal energy,
hydrogen-based sources, ocean thermal gradients, etc., are desirable
candidates. Not only are these sources more desirable environmentally
than current energy sources, but in addition, they do not depend on scarce
resources such as the fossil fuels.
3-2. FOSSIL FUELS - IMPORTED
The three major fossil fuels that will be imported to meet
current and future energy demands are natural gas, liquified natural gas,
and petroleum (crude and natural gas liquids). Presently, we are import-
ing 4 percent of our natural gas, primarily from Canada and Mexico, and
26 percent of our petroleum supply from Canada, Venezuela, and the Middle
Eastern countries. Recently, supplies of Liquified Natural Gas (LNG) havebeen imported from Canada and Algeria [3-6]. Experts generally agree thatimports will increase markedly over the next decade [3-7]. For instance,
the National Petroleum Council [3-2] projects United States petroleum and
natural gas imports at 60 percent and 30 percent, respectively, of domes-
tic consumption in 1985. Using the data from the Department of Interior,
Table 3-3 was constructed in order to project the percentage of fossil fuelimports to the year 2000.
Table 3-3. PROJECTED IMPORTATION OF FOSSIL
FUELS TO THE UNITED STATES [3-8]
Year
Fossil Fuel 1971 1975 1980 1985 2000
% % % % %
Natural Gas 4 8 11.2 13.6 19.3
Liquified Natural Gas 0 2.2 3.3 5.7 8.9
Petroleum (Crude plus 26 36.9 43.0 53.4 70.3
natural gas liquids) (a) (a)
Total Percentage of Fossil 16.6 28.1 32.1 40.7 55.3
Fuels to be Imported (a) (a)
(a) From imports, synthetic fuels (coal gasification and
liquefaction) and oil shales
3-10
Although Liquified Natural Gas has not previously been imported
for energy consumption, many companies in the energy business 
consider it
to be a rich energy source of the future [3-6]. James A. Akins 
[3-6] of the
State Department has indicated that dozens of companies are presently
negotiating with anyone around the world who has surplus gas to sell
or even a chance of finding any. The transport of liquid natural 
gas will
coincidently bring an extra benefit, in that the fleet of tankers necessary
to transport the fuel under cryogenic conditions will be 
built in the
United States [3-6]. The construction of these ships will 
revive America's
shipyards, regenerate the Merchant Marine, and provide many jobs for the
U.S. labor force. Most important,it is thought that these new untapped
reserves of gas around the world will postpone the physical shortage of
gas indefinitely into the future. For example, the Soviet Union 
has ten-
tatively agreed to furnish the United States 10 percent of the gas supply
which represents 3 percent of the current total energy supply.
It should be pointed out that these import requirements of
fossil fuels are variable in that the United States will depend on foreign
countries, primarily, the Middle Eastern countries, for the 
supply. There-
fore, the consumption projections may "demand" these necessary supplies
of fossil fuels, but it ultimately will depend on the United 
States
international policies and the necessary capital to purchase the supply.
3-3. NUCLEAR ENERGY
Nuclear energy for electrical generation is becoming a very
important fraction of our energy inventory. It seems capable 
of handling
any short term energy requirements and with proper developments 
it might
become a relatively long term answer to our energy needs.
There are two types of nuclear reactions which can provide
energy:
o Fission--Heavy nuclei split (either spontaneously via their
radioactivity or by neutron-induced reactions) to yield
energetic fission products and neutrons.
o Fusion--Light nuclei are forced together (at high tempera-
tures) to form a heavier nucleus with the release of energy.
The first uncontrolled demonstrations of these reactions
occurred in 1945 (atom bomb) and 1952 (hydrogen bomb).
Today controlled nuclear fission is of great economic impor-
tance in the generation of electrical power--and portends 
to
become the dominant energy supply in that area by the year
2000, while the technical feasibility of controlled fusion
reactions has yet to be demonstrated. Should certain nega-
tive environmental impacts of nuclear energy be overcome
(e.g., long-term storage of highly radioactive wastes, the
release of radioactivity to the biosphere in rare accidents,
and black-market uses of plutonium), the impressive poten-
tial of nuclear energy resources--i 200 years' suppl at
economically acceptable prices for ission power 
at he
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anticipated usage rate in the year 2000 [3-9] and approximately
5 million years' supply for fusion power [3-10] -- indicates
that the twenty-first century may well be the "century of
nuclear energy."
The next three figures 3-4, 3-5, and 3-6,describe graphically
the capabilities of nuclear energy to handle our demands. The "most
likely" projection of Figure 3-4 is used to estimate the requirements
shown in figure 3-5. The next Figure, 3-6, illustrates projected costs
for nuclear fuel as compared to the cost of steam coal. The effort the
U.S. is making to tackle our energy needs is best illustrated in Table 3-4.
Table 3-4. FEDERAL ENERGY R&D FUNDING [14]
($ millions)
Years
Process 1969 1970 1971 1972 1973 Funding
Agency
Fission
LMFBR (a) 132.5 144.3 167.9 236.6 259.9 AEC
--- TVA
Other Civilian
Nuclear Power 144.6 109.1 97.7 90.7 94.8 AEC
Fusion
Magnetic Con-
finement 29.7 34.3 32.3 33.2 40.3 AEC
Laser-Pellet 2.1 3.2 9.3 14.0 25.1 AEC
Total Funding 361.0 362.2 405.2 524.7 621.6
3-4. GEOTHERMAL ENERGY
The internal heat of the Earth is due to primeval heat, the
decay of radioactive materials and frictional forces within the mantle.
Geothermal energy is a consequence of this natural heat flowing from the
interior through the Earth's crust to the environment.
Thermal energy ultimately reaches the surface by conduction
through rock layers, and by convection in volcanoes and hot springs.
According to Hubbert (1971) the flow of heat by conduction from the
interior of the earth to the surface amounts to 0.063 watt per square
meter on a world-wide average, with the total heat flow for the globe
to 32 x 1012 watts. By convection, the rate of heat flow via volcanoes
and hot springs is estimated to be about .3 x 1012 watts.
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However, usable geothermal power is obtained only from reliable
high temperature concentrations of the heat flow. Thus the potential of
geothermal energy as a power source for man lies in the heat store at
varying depths beneath the surface, in natural underground reservoirs of
steam, hot water, and hot rock.
This heat store results from the action of large bodies of
molten rock (magma) that have been pushed up into the earth's crust by
great pressures in the mantle. The magma heats the rocks in the crust
near the surface, which then heats groundwater in porous or fractured
rocks to temperatures in the range of 500' F. This water may be trapped
beneath relatively impermeable rock at depths of 2-3 kilometers and kept
as a liquid by high pressure. Under certain conditions the hot water can
escape through fissured rock toward the earth's surface where it begins
to boil and a portion of it converts to steam. Geothermal energy can then
be tapped by wells driven through the impermeable rock capping these
reservoirs.
All three sources of recoverable geothermal energy-steam, hot
water, and hot rock are being considered for utilization. Utilization
of geothermal energy is in a primitive level of development and only gross
estimates of its potential can be given:
STEAM. Steam may be recovered by tapping two different
types of fields: Dry Field -- characterized by low pressures
and relatively high temperatures (natural steam at geysers
is at 3550 F and 100 psi); Wet Field -- superheated water,
above its boiling point at atmospheric pressure, in the range
of 180-370 0C (when tapped, flashes to steam and water at
lower temperature and pressure).
o HOT WATER. These are fields of lesser heat content
consisting of water at temperatures below the boiling point
(at atmospheric pressure); known as a "low-temperature"
field, there are large pockets of water in the range
of 500 to 820 C.
o HOT ROCK. Underground water systems not in contact with
these near-surface heat deposits (magna chambers that never
erupted to the surface) heat range may be 3000 - 7000 C
at depths between 2000 - 7000 meters.
3-5 TIDAL ENERGY
The source of tidal energy is the combined kinetic and poten-
tial energy of the earth-moon-sun system. Tidal power is derived from the
oscillatory flow of water in the filling and emptying of partially en-
closed coastal basins during the twice-daily rise and fall of the sea.
The energy available from this action has been estimated at 3 x 1012
watts [3-10] on a world-wide basis.
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Ocean tidal ranges, the height between high and low tides, vary
throughout the world. The greatest tidal ranges exceed 15 meters 
and
occur at the head of the Bay of Fundy off the eastern coast of Canada.
The movement of oceanic tides within 200 miles of the coast of the 
United
Statei represents a theoretical power supply of magnitude on the order
of 10 watts. However, only a small part of this corresponds to 
tidal
energy in bays and estuaries where it could be harnessed, probably 
not
more than 1010 watts. These values were obtained by rough estimation
of the underlying physical quantities and are corroborated within 
an
order of magnitude by Hubbert [3-10].
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3-6. SOLAR INSOLATION
Fed by its own internal nuclear furnace, our sun radiates
energy outward in all directions in space. At the earth's distance away,this flux of energy amounts to just over 1350 watts per square meter
(430 Btu per hour per square foot) on any surface which faces the sun
outside of the atmosphere [3-15]. At the ground some of this energy is
absorbed or scattered from the incoming beam as it travels down through
the earth's atmosphere. The amount lost depends on the length of the
path in the atmosphere and on how much water vapor and dust are present.
The minimum path length occurs for the point on earth where the sun isdirectly overhead. At such a location, if the sky is clear, the flux of
energy remaining in the incoming beam is about 1100 watts per square meter(350 Btu per hour per square foot) of level surface. If the sun is somedistance from the zenith, directly overhead, the energy flux on level
ground is smaller because of the greater path length and the loss in the
atmosphere and also because the energy traveling down within a given beam
or column spreads over a larger area of ground if the beam is slanting.So there is less incident energy per unit level area. This means that,
even if the sky is perfectly clear, the solar energy available per unit
area in the United States is greatest in the south and least in the north.Other climatic factors, particularly clouds, combine to make the average
annual irradiance greatest in the southwest (Arizona, New Mexico, south-
ern California, and western Texas), somewhat less in the southeast, andleast near the Great Lakes, in the northeast, and in far northwest, asshown in igure 3-7. The average annual total for the entire U.S. is
4,500x 101 -  Btu or 510,000 Btu per square foot. This means the amount
of solar energy falling on the roof of a typical house in the U.S. is
several times the amount needed to heat and cool it. The variation withlocality and season is indicated in Table 3-5 which gives mean values in
Btu per square foot per day. The data is based on the Climatic Atlas ofthe United States [3-16].
Table 3-5. MEAN DAILY SOLAR IRRADIANCE (Btu per sq. foot per day)
Area December June Entire Year
Arizona 1,000 2,600 1,900
New England 400 1,600 1,100
Entire U.S. 700 2,200 1,400
Day to day variation can be quite large. A study based on
actual data found that the mean of the daily irradiance for three cities
in the southeast, during the fourteen year period from 1950 to 1963, variedfrom 330 to 1130 Btu per square foot per day in December and from 1700to 2500 Btu per square foot per day in June [3-17].
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Direct and Diffuse Components. Solar engineering calculations generally
require more detailed information about the solar radiation than justthe mean daily irradiance. One consideration which is often important isthe direction from which the radiation comes.
The position of the sun, at any given location, is easily calcu-lated for any specified date and hour by using standard astronomical tables
and formulas which are easily incorporated into computers.
However, because of atmospheric scattering, radiant energy comesfrom all parts of the daytime sky. The total irradiance on a horizontal
surface, measured on a regular basis at many weather stations, is the sum
of this "diffuse" component and the "direct" radiation which comes fromthe direction of the sun. The relative magnitudes of these components
vary, depending upon the condition of the sky and the height of the sun.On a cloudy day nearly all the irradiance will be diffuse (up to 690 wattper square meter or 220 Btu per hour per square foot) whereas on a clearday the diffuse component will probably be less than 10% of the total,though this varies widely, depending on atmospheric clarity. A possible
range from 7 to 140 watts per square meter has been suggested [3-18].
In general, more diffuse radiation comes from some parts of the
sky than from others and the engineer may need to also take this into
account, although the variation is relatively small if the sky is clear.In particular, the performance of solar "concentrators", such as lenses or
mirrors, depends on the detailed directional character of the "circumsolarradiation" which comes from the sky near the sun. The determination of
sky brightness distribution has been approached by theoretical calculation[3-19, 20, 21] and some experimental observations have been made, but more
work is needed for solar energy applications.
Time Variation. The most obvious variation of solar radiation with timeis the 24-hour cycle due to the rotation of the earth. The radiationintensity, which is essentially zero at night, increases rapidly at first
as the sun rises in the sky and then more slowly, reaching its maximum
value at or near solar noon, when the sun is at its highest point, duesouth of the observer. Passing clouds can cause large and rapid changes.
For accurate prediction of system performance, the solar engineer needsto have the data on an hourly basis. Obviously, it is impossible to
predict sky conditions for specific days far in the future, so he uses
"typical" conditions obtained from weather records. To obtain the typicalhourly variation, however, the weather and insolation data must have been
recorded hourly. Normal weather conditions may vary greatly with the
season of the year, of course, so what the designer probably needs for his
calculations is a "typical year". The proper establishment of typicalyear weather data requires guidance from weather experts [3-23].
Apart from weather, the dominant annual variation of solarinsolation is due to the changing declination of the sun, which changes theheight of the sun's path across the sky. The maximum elevation of the sun
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above the horizon, at solar noon, is (900 - L + D), where L is the lati-
tude of the place and D is the sun's declination, which varies from minus
23.50 on December 21 to plus 23.50 on June 21. For example, in Washington,
D.C., latitude 390, the sun's maximum elevation on December 21 is (90 -
39 - 23.5) = 27.50, and on June 21, it is (90 - 39 + 23.5) = 74.50. (This
formula is for latitudes north of the equator.) The points at which the
sun rises and sets also vary with season. During northern spring and
summer, for example, the sun shines somewhat on the north side of vertical
structures during part of the morning and part of the afternoon each day.
Spectral Distribution. A prism reveals that sunlight consists of a range
of colors, which correspond to various wavelengths of light. These
include wavelengths which are shorter than those of visible light (ultra-
violet light) and also longer (infrared radiation). The "spectral distri-
bution" is the way in which the energy of the light is apportioned among
the various wavelengths of this spectrum. One reason it is important is
because surfaces, paints, and coatings may absorb, reflect, and emit
energy differently in different parts of the spectrum. To capture solar
energy for conversion into heat, it is advantageous to have a surface
which strongly absorbs radiation at those wavelengths where the solar
radiation is greatest (the visible and near-infrared) and which has a low
emissivity at long infrared wavelengths, to reduce its tendency to re-
radiate the absorbed energy. The problem of making such surfaces is an
important part of solar engineering technology.
Man's knowledge of the solar spectrum at the earth's surface is
largely based on experiments carried out by C. G. Abbot of the Smithsonian
Institute in the first third of the century. The existing data were
correlated in a classic paper by Parry Moon in 1940. More recent data
on the solar spectrum above the atmosphere have been obtained in high-
altitude experiments [3-24] and corresponding modifications in Moon's sea-
level values are easily made because, in effect, his data gives the trans-
mittance of the atmosphere at various wavelengths. His 1940 paper still
remains the standard reference for the spectrum below the atmosphere.
3-7 SOLAR INSOLATION DATA COLLECTION
The National Climatic Center at Asheville, North Carolina,
currently collects and processes insolation data from some 86 stations
located throughout the United States, shown in Figure 3-8. Sixty of
these are operated by the U.S. Weather Service; the remainder are
"cooperative" stations. All stations record the "hemispheric solar
radiation", which is the total irradiance, direct and diffuse, upon a
horizontal surface. Nineteen stations, all of them Weather Service
Stations, record this data hourly. None of these are located west of
Kansas except at Albuquerque and El Paso. The other stations supply daily
totals only. However, the National Climatic Center expects that hourly -
data will be available from all 60 of the Weather Service stations with
the installation of new automatic recording equipment which is to be
completed by the end of 1976.
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Four stations also record separately the radiation received
through a tube which has a small circular field of view, of angular
diameter 5.70, centered on the position of the sun. This is called the
"normal incidence" radiation and represents the direct component of the
irradiance. Its value at solar noon and at solar hour at angles of 60,
70.7, 75.7, and 78.7 degrees on either side of solar noon are tabulated
and published. These stations are at Madison, Wisconsin; Omaha, Nebraska;
Albuquerque, New Mexico; and Tucson, Arizona.
Accumulated daily and hourly hemispheric radiation data can be
purchased on magnetic tape from the National Climatic Center. Unfortu-
nately, data accuracy has been brought into question by the discovery
that observed long-term decreases in the measured radiation values were
caused, at least in part, by gradual deterioration of the absorptive
coating on the sensitive elements of the observing instruments (pyrano-
meters). Consequently, regular publication of the data in the periodical
"Climatic Data: National Summary" has been discontinued. The National
Climatic Center is in the process of determining appropriate corrections.
Data System Study. Our present solar insolation measurement system, as
described above, supplies much useful data, but more is needed for the
accurate solar engineering design calculations which are required in order
to determine the potential of solar energy utilization on a national scale.
Presently available data is not adequate even for standard heating and
cooling load calculations. A recent engineering design manual states,
"Because of limited availability of solar radiation data, it is suggested
that solar radiation be estimated by applying the cloud cover modifier
(which is based on simple weather data) to the cloudless day radiation
(calculated theoretically)" [3-25].
If a long lead time is acceptable, the data for a particular
site might conceivably be obtained by setting up observing instruments
right there for a year or more, a period which may or may not reveal the
typical and extreme conditions which are likely to occur. Alternatively,
a nationwide network of closely-spaced observing stations could be built.
Very likely, the optimum solution lies somewhere between these two
approaches, with the ideal number of regular network stations increasing
as solar energy utilization becomes more widespread.
How much data should be taken? Accurate engineering calculations
generally require data values at hourly intervals. Also, they may require
knowledge of both the "direct" and the "diffuse" radiation, which are now
observed regularly at only four stations in the U. S. But data acquisition
is not free, so it is important to determine how much is really needed.
Such questions suggest a thorough systems study. The specifica-
tions for such a study can be put into the generalized systems approach
format (Preface Fig.I), as follows:
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The objective is to design an optimum solar insolation data
collection system for the United States.
The Tentative requirements are:
o Determine what solar data is desired by solar design
engineers.
o Determine the incremental value of incremental increases ofdetail and precision in the data, in terms of the probable
future cost effectiveness of the systems designed.
o Determine the probable degree of future predictibility of
climatic factors as they affect solar engineering design.(Climatic unpredictability tends to limit the value ofdetail and precision in past solar data.)
o Determine the rate of variation of solar insolation data with
geographic location throughout the country, or in selected
regions of greatest potential utilization, to determine how
closely-spaced the observing stations must be.
o Identify and characterize present data collection facilities,
instruments and procedures.
o Estimate the feasibility and cost of new facilities andinstruments.
Such a study would provide a rational basis for designing a
cost-effective solar data collection system.
3-8 INDIRECT SOLAR ENERGY
Solar radiation incident on the earth gives rise to the hydrolo-gical cycle, the winds, and large temperature differences between the deepand surface waters of the tropical oceans. Each of these is an energy
resource.
Hydropower. Some twenty-three percent of the solar radiation received bythe earth goes into the evaporation of water. This water subsequently
returns to the earth's surface as precipitation. That which falls onland above sea level has gravitational potential energy which can be
extracted by water wheels or turbines as the water flows back to the sea.Generally it is used to generate electrical power.
The invento ied hydroelectric resources of the 18 contiguous
states total 146 x 0 watts [3-26], with another 20 x 10 watts in
Alaska and 0.8 x 10 watts in Hawaii [3-27].
3-24
Installed capacity was 52 x 109 watts in 1970 [3-28] and is
expected to reach 82 x 109 watts by 1990 [3-29]. Large increases beyond
that seem unlikely, because the remaining sites are in general smaller
and less economic than those already developed and also because further
development will increasingly conflict with environmental concerns; for
example, as embodied in the Wild and Scenic Rivers Act of 1970 [3-26].
The figures given exclude pumped-storage, which is a way of storing energy
and is not an energy resource.
The energy obtained from hydroelectric plants is less than the
installed generating capacity because the latter is never fully utilized
throughout the year. The energy actually generated determines the "load
utilization factor", which was 0.55 for hydroelectric plants, overall, in
1971 [3-30]. Assuming the same value for 1970, the energy generated
during that yearl as 55% of 52 x 10' watt-years, which is 2.5 x 10 1 kw-
hrs or 0.86 x 10 Btu (0.86 Quads). However, because of thermal losses,
fuel-burning plants would have had to consume fuel equivalent to 2.6 x
1015 Btu (2.6 Quads) to produce the same amount of electrical energy,
using the 1971 input-output ratio of 10,500 Btu per kw-hr. It is expected
that the load factor will gradually decrease,as new sites are developed,
to 0.45 in 1985 and 0.40 in 2000, while the thermal efficiency of fuel-
burning plants is expected to increase, decreasing the input-output ratio
to 8500 Btu per kw-hrs in 2000 [3-30]. Using the estimated load factor
and fuel-burning plant efficiency for the year 2000, and neglecting all
economic and environmental limitations, the fuel equivalent of the ulti-
mate hydroelectric capacity of 146 x 109 watts is 4.4 x 10'5 Btu (4.4
Quads) per year. If Alaska and Hawaii are i cluded, the total is 167 x
109 watts, with fuel equivalent of 5.0 x 10 Btu per year.
Wind Power. Aeolian energy shares many of the advantages and disadvan-
tages of its parent, primary solar energy. It is widely available, inex-
haustible, clean, and free. It is also discontinuous and variable, and
low density. Like hydroelectric power, it is high grade mechanical energy
which can be used directly (as for pumping water) or transformed into
electrical power, without the large losses associated with thermal to
mechanical energy conversion.
Potential. Estimates of the maximum power obtainable from wind vary
widely. One author suggests for te entire world 0.1 x 1012 watts, which
is the power generated from 8 x 10 5 Btu ( Quads) of fuel per year, and
for the U. S. power equivalent to 0.8 x 10'5 Btu (0.8 Quads) of fuel per
year [3-31]. He estimates that one-tenth of these amounts could be real-
iz7 by the year 2000. The Interdepartment Energy Study Group gave 20 x
10 watts(1600 Quads) of fuel per year, for the ultimate world potential
[3-32]. The set of assumptions underlying these two contrasting estimates
are no doubt different. It may be that the smaller estimate is based on
only wind over land, whereas the larger one includes wind over the oceans.
Installations which tap the moderate-to-strong winds which prevail over
large areas off the eastern coast of the United States are recommended by
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Dr. W. E. Heronemus of the University of Massachusetts [3-33]. He
envisions wind turbines on either floating platforms or towers producing
electrical power which would be used to generate hydrogen by electrolysis
of water. It is hoped that hydrogen will prove to be a convenient mediumfor storing, transporting and distributing energy. He estimates that such
an off-shore windpower system for New England could produce 159 billion(0.159 x 1012) kilowatt-hours of electricity in 1990 at 2.5 cents perkilowatt-hour, and that there is enough wind energy available to double
that capacity by 2000 to some 300 billion ]0.3 x 10 ) kilowatt-hours.
Steam plants would require about 2.5 x 101 Btu per year of fossil fuelto generate that amount of electricity, at the then-anticipated rate of8.5 Btu per watt-hour.
Other large regions of relatively strong winds of interest forthe United States occur in the Great Plains and the Aleutian Islands. Dr.Heronemus suggests that among our natural energy processes having the
greatest promise, the use of wind power follows immediately after the use
of primary solar energy for climate control and water heating.
Data Collection. Proper siting of a windpower machine on land requires
year-long observation of winds at different possible locations and heights
above the ground. The average wind speed can vary significantly fromplace to place, depending upon local topography. Careful siting is impor-tant because the windpower available is proportional to the cube of wind
speed. This means for example, that wind at 25 miles per hour can yield
nearly twice as much power as it can at 20 miles per hour. One investiga-tor has said that it is not necessary to know the wind speed on an hourlybasis in order to evaluate a site's suitability, but that the average over
a full year is sufficient. This can be obtained using a simple counter
attached to a rotating anemometer to give the total run of the wind. This
average annual wind speed can be translated into the output power obtain-
able from a machine of given design with the help of standard curves[3-34]. However, today's automatic data collection and processing techni-ques may make it feasible to obtain the increased information and preci-
sion available from hourly data. Perhaps it may eventually be possible
to compute the behavior of the wind at any proposed site and height within
a given region from detailed topographic data for the vicinity. Informa-tion as to vegetation, especially trees, would have to be included. Thequestion of wind data collection and processing demands thorough studybefore large-scale utilization of wind power on land can be achieved.
Knowledge of the maximum wind speeds that may occur is necessary,
since the machine must be designed to stand up to these. Other climaticfactors must also be considered, since the machine is inevitably exposedto all weather. Maintenance will be essential. The operation of a 1.2
megawatt wind-driven generator in Vermont which produced electricity econo-
mically for four years in the 1940's was terminated due to fatigue failure
of the stainless steel blade root [3-35]. Enhancement of reliability
through design, by regular inspection, and possibly by systematic renewal
of critical parts, may become standard practice.
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Ocean Thermal Gradients. Of the 81,000 x 1012 watts [3-36] of incident
solar radiation absorbed by earth surfaces, more than 70% falls on the
oceans. However, the most significant portion of incoming solar energy
intercepts the region of the globe lying between the Tropic of Cancer
and the Tropic of Capicorn, and it is here that 90% of incoming solar
radiation reaches the oceans. Thus most of the solar energy received by
the earth goes into heating sea water.
The effect of the rotation of the earth's poles on ocean currents
is to circulate cold water from the direction of the poles along the 
ocean
floor toward the tropics; while water warmed in the tropics becomes a
separate current flowing back toward the poles. Within the tropics, 
the
cold water provides a nearly infinite heat sink at about 50 C at a depth
as shallow as 1000 m [3-37]. The ocean surface collects heat from the sun
and within the tropics stays almost constantly at 250 C because of 
the
equilibrium between heat gained from solar radiation and the heat 
lost by
evaporation.
To extract power from these thermal gradients, say 5' to 250 C,
the two currents must be in close proximity to each other. There are
many places within a few miles of land in and near tropical 
waters such as
the Caribbean Sea and the Gulf Stream (e.g., the Straits of Florida,
between the coastline and Little Bahama Bank, about 25 km. from Miami),
where ocean currents of vast magnitude run within 600 to 900 meters 
of
each other. It is estimated that the Gulf Steam by itself carries 
north-
ward heat sufficient to generate over 75 times the total power 
production
of the U.S. [3-38]. To derive the same amount of energy from 1 kilogram
of seawater flowing through an ocean power plant with a thermal gradient
of 200 C, a hydroelectric plant would have to possess a pressure differen-
tial corresponding to 93 feet of elevation.
According to Heronemus [3-39] recent studies suggest that the
ocean thermal differences process would be highly competitive with 
central
plants whose costs are now in the neighborhood of $200 - $400/kw 
installed
[3-39]. This suggests that at current cost figures, solar sea 
power is
not only economically feasible, but it is possible that it may make
advanced reactors, such as the AEC's LMFBR, economically obsolete before
their development is complete if a significant investment is made 
now in
developing solar sea power technology [3-401.
3-9 RENEWABLE CLEAN RESOURCES
An additional consideration of the utilization of solar energy
involves the processes of hydrogen generation and bioconversion of living
organic material and waste materials of organic origin 
into direct heat
energy or fuels. Although these processes are considered 
to provide a
clean energy source, it should be pointed out that this is not always 
true
with respect to the combustion of organic materials, however, the combustion
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of organic materials is cleaner than that of the fossil fuels, such as
coal, which are presently used as a major source of energy.
Hydrogen Generation. Hydrogen can be generated by electrolysis, thermal
cracking, thermal chemical dissociation, and photolysis [3-41, 42, 43,44]. Thermal cracking of water into hydrogen and oxygen requires tem-
peratures of 2,5000C to 3,0000C; however, there are many unsolved and
unforeseen technical problems associated with this process, such as the
containment of high temperature liquids and high pressure gasses and the
separation of the hydrogen and oxygen once the water is cracked.
Hydrogen Generation by Electrolysis. Hydrogen and oxygen can be
simply generated by electrolysis, a process whereby a direct current is
passed through water. The efficiency of converting electrical energy intohydrogen energy varies around 70%. A problem associated with electrolysisis the lost efficiency in converting heat into electricity. The conver-
sion efficiency for this is approximately 30% which gives an overall effi-
ciency of about 20%, thus it would be desirable to directly convert theheat energy into hydrogen.
Hydrogen Generation by Thermal-Chemical Dissociation. Hydrogen canbe generated in multi-step, thermal-chemical, water decomposition process-
es [3-41, 42]. These techniques hold promise since they operate at a muchlower temperature than thermal cracking, e.g., the maximum temperature ofthe MARK-1 process is 7500C [3-41]; however, much work needs to be donebefore an efficient, practical process becomes available which operates
economically over the solar collector temperature ranges.
Photolysis. Photolysis is the splitting of water by light via aphotosensitizer molecule. In green plants this process is a major bio-
chemical reaction in photosynthesis for liberating oxygen and incorpora-
ting hydrogen into organic molecules (glucose). It has been suggestedthat methods be introduced into this reaction which will trap the hydrogenby various acceptor materials and utilize it as an energy source. Previous
research on such systems was carried out during the zenith of space
research in order to obtain a self-substaining environmental system.
Other possibilities for utilizing exogenous photosensitizers
have been suggested such as Cerium (Ce+4) in a collector system onbuildings [3-45]. This would produce hydrogen for operating heating and
cooling requirements plus electricity.
Conclusions. Even though hydrogen generation by electrolysis, thermal-
chemical dissociation, and photolysis is inefficient, improvement in the
overall work cycle can be made by making use of the waste heat, after thegeneration of electricity, for space heating, space cooling, water heating
and/or in thermal storage (Figure 3-9).
Hydrogen storage can be used to augment a thermal storage system
or it can constitute the only energy storage. Consideration must be based
on cost (both capital and operation), size, and safety. It may not be
) Storage
Output of: >Hydrogen Generation*(Thermal-chemical *
1) Solar Collector Dissociation) Space Heat Hot Water - *
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*
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Heat Generator SpaceHot WaterCoo Space Cool* *
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S(Electrolysis) - -~ Storage
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FIGURE 3-9. A FLOW DIAGRAM FOR POSSIBLE USES OF THE OUTPUT OF A CONCENTRATING
SOLAR COLLECTOR (Each step indicates a lower level of heat)
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practical for the individual home, but it may be practical for a multi-
dwelling application or for large buildings. For further detailed evalua-
tion of hydrogen generation, the reader is encouraged to read the report
by the Houston/Rice University Systems Design Group [3-46].
Bioconversion. There are several methods for the conversion of organic
materials into fuel or heat energy. The more important ones are discussed
in the following sections.
Combustion of Organic Materials Directly into Thermal Energy. The
methodology for accomplishing the direct combustion of organic materials
requires large amounts of land-grown and water-grown vegetation. Through
advanced management practices and development of better solar conversion
efficiency rates within these combustion plants, a renewable supply of
energy resource can be made available. Also, through similar techniques,
solid waste materials from agriculture, animals, industries and urban
areas could represent a large energy source in certain areas. It should
be emphasized that these schemes could be incorporated into present
research efforts involved with maintaining the quality of the environment.
For example, the Corps of Engineers is spending large sums of money for
aquatic weed control, including water hyacinths. These plants could
represent a potential energy supply by crop harvesting, thus protecting
the environment from excessive use of herbicides.
Organic materials that can be converted directly into thermal
energy can also be converted to more concentrated fuels by a number of
biological or chemical processes. Four of these methods are briefly dis-
cussed in the following paragraphs.
Fermentation 
- Bioconversion of Organic Materials to Methane. Most
organic materials in the presence of some moisture and in the absence of
oxygen are subject to natural fermentation in which a large percentage of
carbon content in the material is converted into a mixture of 50% to 70%
methane and carbon dioxide.
Pyrolysis. Pyrolysis is a process of destructive distillation
carried out in an unoxygenated closed system. Pyrolysis has for a long
time been used commercially for producing organic by-products such as
methanol, acetic acid, turpentine, and residual charcoal. This process
would seem to integrate into a total system of re-cycling of materials
from waste material into usable fuels, therefore helping to eliminate
the problems associated with land fills, open burning, transportation to
ocean areas, etc.
Chemical Reduction. Organic materials, when subjected to elevated
temperatures and pressures in the presence of H20, carbon monoxide, and a
chemical catalyst, are partially converted into oil.
Enzymatic Reduction. Closely related to the conversion of organic
materials to gaseous fuel by the fermentation process is the conversion
of suitable materials to valuable pure products, chemical raw materials
or clean fuels by enzymatic action.
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The choice of the conversion method is dependent upon the physi-
cal nature of the material to be processed. For example, fresh harvested
plants contain a high water content and can be converted to a concentrated
storage fuel by a biological process that operates in an aqueous medium.
However, in other cases where the materials to be processed are dry, a
direct combustion technique or pyrolysis would be more advantageous.
In conclusion it is recommended that research and development
efforts relative to bioconversion techniques be continued with special
attention given to the integration of these various processes into methods
for recycling and using solid waste materials or helping to maintain the
quality of the environment.
3-10. CONCLUSION
In this chapter it has been shown that there are many more ways
to provide energy or generate heat energy than is normally considered.
And even if considered for use, many would be discarded because they are
not "economically practical". But, it must be remembered that the phrase
"economically feasible" is only relative. If people are "freezing to
death" and food stuffs are spoiling from lack of refrigeration then the
costliness of a process to produce the necessary heat or energy to main-
tain a "normal" life is not really important.
In TERRASTAR the Design Group chose to look into the application
of solar energy to help alleviate the "impending" energy crisis by consi-
dering how solar energy could be utilized to heat and cool buildings and
looking into the problems involved in the utilization of solar energy by
our society.
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PART II. SOLAR ENERGY SYSTEMS
Part II focuses on the technology of components and systems for
the utilization of solar energy. Only systems which rely on technological
collection of sunlight are considered. Systems involving natural collection
were discussed briefly in Chapter 3. Components which are somewhat unique
to the utilization of solar energy are discussed along with storage tech-
niques which are often required for solar energy systems.
The application of solar energy to the heating and cooling in
buildings is reviewed in detail. This is followed by a brief review of
proposals for systems to generate electricity for solar energy.
The treatment contained herein is not intended to be exhaustive
but is primarily to acquaint the reader with the broad spectrum of possible
concepts for utilization of solar energy with technological collection.
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CHAPTER 4. COMPONENTS FOR SOLAR ENERGY
A requirement for the direct technological utilization of solar
energy is a device for capturing and absorbing the available sunlight.
These devices are commonly termed collectors. Because of the highly
variable nature of sunlight, a facility for storing the collected energyis often essential. A device for direct conversion of light into electri-
city, which depends for operation on incident sunlight,is the photovoltaic
cell.
These components for solar energy systems are considered in this
chapter.
4-1 COLLECTORS
Flat plate type collectors are appropriate for relatively lowtemperature applications. If higher temperatures are required, concen-
trating or focusing type collectors must be employed. In either case, the
use of spectrally selective surfaces may, under some conditions, improve
the operation of the collector. In this section, flat plate and concen-
trating collectors, as well as the use of selective surfaces, are briefly
considered.
The flat plate collector typically consists of a surface which is a verygood absorber of solar radiation and a means of removal of the absorbed
energy for usage elsewhere. The method of heat removal is normally byincreasing the temperature of some heat transfer fluid (usually air or
water) which either flows over or through the absorbing surface. The
surface is made as diffuse as possible so that the collector does not
require tracking of the sun. A major difficulty is the large area forheat transfer which gives rise to large losses of the collected energy and,therefore, lowers collector efficiency. To limit these losses, the back
of the collector is well insulated. The losses from the upper surface are
then suppressed by placing one or more transparent surfaces above the
absorbing surface (3/4'or less apart). The transparent surfaces help
minimize the convective losses [4-1]. By using materials (low iron-
content glass),which are transparent to the major portion of the solar
energy (visible) and opaque to the infrared (heat), most of the solar
energy reaches the absorber. Since the energy emitted by the absorber is
at longer wavelengths (infrared), for which the covers are opaque, the
effect is to minimize the outward heat losses (Greenhouse effect). Thebasic design and evaluation of flat plate collectors was presented in apioneering paper by Hottel and Woertz [4-2] in 1942.
The flat plate collector has been the subject of extensive
research in an effort to further minimize these heat transfer losses. The
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collectors presently are capable of raising the temperature of the heat
transfer fluid to approximately 1000 F-1500F above the ambient temperature
with reasonable efficiences. However, the efficiency decreases as the
collector fluid temperature rises. A common method of raising the collec-
tor fluid temperature is by increasing the number of transparent cover
plates. Whillier [4-3] gives the following table as a guide to the
selection of the number of cover plates.
Collector Temperature Number of
Above Ambient Covers
-10F to 100F none
100 F to 600F 1
60°F to 100'F 2
100°F to 1500F 3
It is important to note that these values are only guidelines and will
vary with the materials and configuration of the collector. Tybout and
L6f [4-4] found that the use of two covers is economically best for
heating in most of the U.S.
The flat plate is widely recognized as a very promising method
of collecting solar energy for space heating purposes. However, its
usage in cooling has been limited by the relatively low temperature
achieved by the collector fluid. Further attempts to increase this tem-
perature with reasonable collector efficiencies have included the usage
of selective coatings on the absorber surface, low reflectance coatings
[4-5] on the transparent cover plates, better insulating materials
around the back of the collector and the usage of honeycomb material to
suppress convection [4-6]. The usage of selective absorber coating
which is a good absorber of the shortwave radiation and a poor emitter of
the infrared has results similar to the greenhouse effect mentioned
earlier. Many investigators have worked in this area with very good
results and NASA Marshall [4-7] has proposed an interesting flat plate
collector design using this type of coating. Drawbacks of selective
coatings are their instability (particularly at high temperatures) and
their high cost. As mentioned earlier, the flat plate collector enjoys
the advantage of not requiring tracking to follow the sun. Usage of a
tracking device is in general undesirable because of cost and the very
probable maintenance problems. However, to utilize the collector under
optimum conditions requires that it be oriented in a certain manner. For
heating in the Northern Hemisphere, it should be oriented at latitude
plus 150 above horizontal, for cooling at latitude minus 80, and for a
combination of heating and cooling the optimum orientation seems to be
at an angle equal to the latitude above the horizontal [4-4]. With the
usage of good insulating materials and selective absorber coatings the
conductive and radiative losses can be minimized to the point that con-
vective heat losses are dominant.
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Several investigators have suggested the use of honeycomb mater-
ials to suppress convective losses and as pointed out by Tabor [4-6],the
desirable honeycomb material would be very thin with the properties of
glass. However, Charters and Peterson [4-8] have shown analytically that
the usage of honeycomb type materials for convective suppressors will
only work for horizontal flat plates. This would render the addition of
honeycomb type materials useless for most applications.
Tabor [4-9] suggested that in long rainless periods, the trans-
mission through a tilted glass can drop by half in a few weeks if it is
not cleaned. This would seem to be a serious drawback for flat plate
collectors since any large scale application would require rather
exhaustive maintenance to keep the surfaces clean. However, Whillier
[4-3] reports that collector covers that to the eye appear to be extremely
dirty after weeks of operation in rainless weather in a highly industrial-
ized area have been found to transmit only 4 percent less than when clean.
He suggests that a 2% loss in transmission due to dirt is a reasonable
assumption. Clearly more work should be done to explain this discrepency.
The design of the absorber plate itself is well understood and
documented in the literature [4-1, 3].
Studies of flat plate collectors with selective absorbers and
plastic (Tedlar) covers have also been proposed. These systems offer the
advantage of being light weight with the potential for achieving higher
collector temperatures. The cost of using this sort of scheme, and the
long term effect of the weathering of the collectors have not been deter-
mined.
Perhaps the greatest hurdle for immediate solar energy utiliza-
tion is the cost of the flat plate ollector. Current estimates for the
collector costs range from $1.50/ft to $10/ft2 with $4 being a reasonable
average value for a collector using conventional technology. Addition of
the above mentioned heat transfer suppression techniques would tend to
increase this cost. Tybout and Lif [4-4] estimate the $4/ft can be
reduced to $2/ft2 with large-scale production.
Concentrating Collectors are used when temperatures higher than those
obtainable by a flat plate collector are desired. Concentrators must
follow the sun (i.e., be heliostats) and their heat absorbers are usually
placed in evacuated pyrex enclosures. The efficiency of collectors can be
increased by means of selective coatings such as thin films of aluminum
dioxide and molybdenum, but, unfortunately many of these coatings become
unstable at the high temperatures attained. The absorber's absorptivity
can also be increased by corrugating the surface. Careful design assures
that the pumping energy of the absorbing fluid and positioning energy of
the heliostat are minimal.
Concentrators can be reflectors, refractors, or mixtures of
reflectors and refractors (e.g., the Schmidt telescope). The great mass
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of refractors (lenses) with the possible exception of fresnel lenses
are disadvantageous and only reflectors will be considered here. These
consist of a shaped glass or metal surface with a highly reflective
aluminum coating.
In contrast to optical telescopes which specialize in a point
focus, solar reflectors can have several focus geometries:
o A point focus for high temperature
o A line focus for medium temperature
o A ring focus for medium temperature
In addition to focus geometry, the reflector shape is an impor-
tant concentrator attribute. The long evacuated glass cylinder, with
part of its surface reflecting light onto a line absorber, can be stacked
in a planar array and yields slightly higher temperatures than a flat
plate collector. The glass cylinder is a stronger structure than glass
plate.
The conical collector consists of a truncated circular cone with a
900 apex angle; its cylindrical absorber is mounted at the cone's axis.
By replacing the circular cross-section with a hexagonal cross-section and
a mosiac of the hexagon, a wider area can be achieved.
Parabolic cylinders and circular paraboloids produce line and
point focus geometries,respectively. By orientating the cylindrical
collector axis in an east-west direction, the collector only needs to
track the sun seasonally. A ring focus is achieved by rotating a parabola
so that its focus is circular. The torus is a simple example of a ring
focusing reflector shape.
A cylindrical concentrator's positioning is dictated by heat
absorber material phases. Horizontal placement dictates that only the
fluid phase can exist in the absorber. If a mixture of fluid and vapor
is the goal, as in steam generation, then the cylindrical concentrator
axis should be aligned in a more vertical position. If rotary joints
cannot be avoided in the heat absorber, then these joints must be leak-
proof. High costs and the need for tracking are the major drawbacks of
concentrating collectors; the ability to attain high temperatures is
their great advantage.
With proper modifications and accessories, medium temperature
solar concentrators can be applied to water heating, space heating, steam
generation, absorptive refrigeration, cooking, water and alcohol distilla-
tion, and thermal storage. Photovoltaics and storage batteries are
possible for electrical generation but their high cost at present precludes
utilization in all but very specialized applications.
High temperature concentrators are primarily used as solar
furnaces to melt materials with a minimum of crucible contamination.
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Another application suggested in the past has been to large turbo-generator
or magneto hydrodynamic power stations.
Selective Coatings. Selective coatings are one method of improving the
performance of solar collectors. For photovoltaic devices, a coating
that will reduce the reflectance in the visible wavelengths and increase
the infrared reflectance would be quite beneficial. This type of coating
would provide more optical energy for transformation into electricity and,by reflecting the infrared (heat) energy,the photocell could operate atlower temperatures,where it is more efficient [4-10].
For thermal collectors, the addition of selective coatings tothe absorber surface would allow the collector to operate at higher
temperatures and more efficiently [4-5]. The selective coating for this
application would be a good absorber of the solar radiation (below 2
microns) and a poor emitter of infrared radiation where the absorber is
emitting [4-11]. This is commonly termed a high c/c ratio, where - isthe solar absorptance and c is the thermal emittance of the absorber sur-
face. However, it is important to note that a high c/e ratio is not enough
to insure that a surface is a good solar absorber. Many polished metalshave c/c ratios which would appear promising but their solar absorptivity,
c, is so small as to render them poor materials for use as a solar
absorber [4-9]. The most important thermal characteristic when radiationis the dominant mode of the selective surface is that the solar absorp-
tance c be large (as near one as possible).
Many selective coatings become unstable at high temperatures,
which prevents their usage in focusing collectors. In addition, since
solar and absorber spectral distribution curves overlap more for highertemperatures, the advantage gained for focusing collectors may be morelimited. Edwards [4-12] has made a rather complete study of solar selec-tive surfaces.
4-2 ENERGY STORAGE
Almost any attempt to utilize solar energy will require the
storage of the energy collected due to the intermittancy of the sunlight
available. Energy storage can take the form of chemical storage, thermal
storage or mechanical storage. The choice of storage form dependslargely upon the form of the energy to be stored, the eventual usage ofthe stored energy and the economics of the various systems.
Thermal Storage methods generally fall into the categories of raising the
temperature of inert substances (sensible heat) and reversible chemical
or physico-chemical reaction. Many proposed solar heating systems collect
the energy in thermal form and eventually utilize the energy in the
thermal form. For these types of systems the storage of energy in thethermal form has the advantage of eliminating the loss that would beincurred through conversion to some other form. Since the success of
any thermal storage system is dependent upon the ability to maintain the
thermal energy within some container, good insulating materials, small
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surface-area-per-volume containers, and minimal temperature differences
between storage materials and surroundings are of major concern. Unfor-
tunately these factors are notindependent and when coupled with economic
considerations the choice of the "best" storage system for a given set
of physical conditions is difficult to determine.
Obviously, the time or period over which the heat is to be
stored influences greatly the storage design. For certain locations it
has been suggested that solar energy should be collected in the summer
months and stored for use in the winter (long-term), other areas would
seem to only need storage from daytime to use at night (short-term
storage). In a recent study [4-4] of solar house heating it has been
shown that the only system which presently makes sense economically is
the partially solar heated house with one-or two-day storage. When 
the
ultimate goal of the system is cooling (building A/C), the choice of
storing at a high temperature or lower temperature is available. The
materials available, estimated heat loss and economics again are prime
considerations.
One of the more promising methods of storing thermal energy is
in the form of sensible heat. House heating units have used this approach
by raising the temperature of water or rocks which are kept in insulated
containers. Water has the advantage of being cheap, plentiful and having
a high specific heat. However, water is limited to a temperature range
of 000C to 100 0C (320 F to 212 0 F) to avoid freezing or boiling. Freezing is
easily overcome by addition of anti-freeze, but the possibility of boiling
causes concern since expensive pressurized containers would be required.
Perhaps this "boiling off" problem could be handled by venting the steam
to the atmosphere and adding cold water with a level-control valve. Water
seems to be a good candidate for the flat plate collectors where the
temperatures are between 00C and 1000 C (320 F and 212'F).
Rocks have also been used in the same manner, with air being the
energy vehicle between the collector and the storage material. They are
also inexpensive and readily available but have a much lower specific
heat than water (about 0.2 to 1.0 Btu per pound per degree F). However,
a recent study [4-13] has shown that the absorption of water as air flows
over the rocks can increase efficiency by about 25%. But, for a specific
amount of heat storage the volume of rocks necessary will be considerably
larger than a volume-of water. In using rock for thermal energy storage
one must optimize between a small size for maximum mass and heat transfer
and a large size for minimum blower energy use. More information is needed
to determine the optimum sizing of rock for usage in thermal storage. The
most important physical characteristic tor a sensible heat storage
material is high heat capacity per unit volume (specific heat). In this
regard, metals would be good candidates for sensible heat storage were 
it
not for cost. Tybout and L6f [4-4] estimate the cost of water storage at
$0.05/lb of water.
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All sensible heat candidates require a large volume. Using
materials which undergo physico-chemical change can greatly reduce the
storage volume required. In addition, by using materials which changephase at the temperatures of interest, the required storage temperature
can be held at a lower value which reduces the heat losses. Low cost
salt-hydrates have been used in storage for house heating. Major draw-backs of these materials are the limited rate at which heat may be removed
and subcooling of the salts. If subcooling occurs, the material does notpart with its stored heat and nucleation agents must be added to promote
crystallization [4-14]. The rate of crystallization is slow and thisregulates the rate at which heat can be removed. Another problem which
occurs is the settling of the crystals which prevents reversibility.Foams and muds have been and are being studied to prevent this settling.Cost is also a definite problem in many phase-changing materials. Thecomplex crystallization mechanism of salts results in large variations inthe amount of heat able to be stored and released. Paraffins are being
studied for low temperature storage. Problems that have been found arecontainer compatibility and the air entrapment in the solidifying waxcausing high insulating characteristics, therefore, poor heat transfer.Paraffins are inherently poor conductors and upon heat removal, an insula-
ting film forms on the heat collection surfaces. Many phase change
materials cost as much or more than the entire storage system for water
or rock used for thermal energy storage.
Numerous other storage schemes have been suggested in the liter-ature. Solid-solid transitions have been discussed but not utilized.Also, heats of reaction for certain reversible chemical reactions have been
suggested as a possible storage technique. Heats of vaporization arequite high for many substances. A major problem that occurs is theincreased volume due to vapor formation. One scheme which seems promising
utilizes a hot and cold container but the hardware costs would seemprohibitive [4-16].
Another volume reduction technique suggestion is the use of heatof absorption in desiccant materials which absorb water from an air-water
vapor mixture which flows through the bed [4-13]. This type of systemwould seem to have the most promise where drying is an important part ofthe operation. Currently, materials for this type of storage system
are too expensive to make it competitive.
Photochemical reactions of substances [4-17] have been studiedas a means of energy storage. In this scheme the photochemical reactions
absorb the solar energy incident upon the substance and the products canbe combined later under controlled conditions to release heat. More
study is needed in this area before it can be a viable energy storage
system as the efficiency is low.
Chemical Storage. There are many ways of chemically storing energy[4-18, 19J. Several methods that may be effectively used with solar
energy are presented here.
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Hydrogen may become a universal fuel in the decades ahead
[4-20]. It can be effectively stored both in the form of a gas and in
the form of a liquid, or it can be stored in solids.
Hydrogen stored as a gas at low pressure is not practical for
small scale applications since it requires large storage areas; however,
for large scale uses it could be stored in large abandoned mines as
natural gas is now stored. Bacon, when discussing hydrogen storage for
use with fuel cells [4-21], suggests storing hydrogen in steel pipes at
a pressure of 100 atmospheres.
Storing hydrogen in a liquid form takes much less space, how-
ever, it requires very cold temperatures and extensive insulation.
A solution to the liquid hydrogen problem is to convert the
hydrogen to ammonia, a fuel with definite possibilities for use in the
future [4-22, 23].
Finally, hydrogen can be stored in solids either through
adsorption as with palladium, an expensive metal, where one volume will
hold up to 800 volumes of hydrogen under pressure and then will release
the hydrogen under ambient conditions, or in the form of reversibly
hydrogenated organic or inorganic compounds (e.g., hydrides) [4-24].
As stated by Daniels, "The storage of hydrogen for operating
fuel cells or engines is a problem deserving considerable research effort
[4-25]."
Storage batteries can be characterized by cost, life, specific power
and specific energy. The obvious need for better methods of energy
storage for eventual electrical usage has generated a keen interest in
the development of cheaper and better performing batteries. Hottel and
Howard [4-26] recently summarized the status of storage battery develop-
ment and the following listing summarizes their findings.
(1) Commercially Available Batteries:
o The lead-acid (automotive) battery is moderately priced,
reliable, efficient, and rugged. It has a life of
200 cycles and an energy capacity of 15 watt-hrs/lb at
low output. Traction batteries have a longer life and
lower storage capacity.
o Lead-cobalt batteries have a somewhat increased energy
delivery.
o The Nickel-Iron (Edison Cell) battery has a long life
(3000 cycles) but lower power output than lead-acid
batteries.
4-9
o The Nickel-Cadmium has an excellent life and a reasonable
energy density. Unfortunately it is expensive and uses
materials which are in limited supply.
o The Silver-Zinc battery looks promising with a specific
energy deliver of 60-80 watt-hr/Ilb and costs less than
lead-acid batteries.
o Organic-Electrolyte are being considered. They have high,
specific energy but the power is not high. Life is a problem.
o Several other suggested batteries look promising but must
operate at elevated temperatures. These include sodium-
sulfur which operates from 250 0C to 3500C and Fused Salt
which operates from 6000 C to 7000C. The high temperature,
of course,causes other problems.
Fuel Cells are an exciting prospect for energy conversion in thefuture. Electrochemical fuel cells do not function like regular batteries,
rather,they use a continuous input of reacting materials to replace the
material used in the process [4-27, 28, 29]. Fuel cell efficiency is notlimited by the Carnot cycle that limits thermal processes. Efficiencies
of 50, 60, and 70 percent have been reported.
Most fuel cells operate with gas, necessitating the use of cata-
lytic electrode surfaces which have, in some cases, operational lifetimes
of less than a year. These catalysts are usually rare metals which makethe use of these cells for large scale systems impractical. Fuel cells
can have a significant effect on energy conversion and storage. Signifi-
cant experimental research is being carried out on fuel cells [4-30, 31].For example, waste organic matter is oxidized by electrolytic ions in
acid solutions and then a fuel cell is run by the ions.
Mechanical Storage of energy for a short time period by means of fly-
wheels has been utilized to store small amounts of energy for many years;
however, with the development of composite materials able to withstandhigher stresses, the possibility of storing large amounts of energy in this
matter seems worthy of study. Storage of gases under pressure with later
utilization of the gas as a fluid under pressure to run turbines, etc.is also quite feasible, with the economics being the controlling factor.
A third type of energy storage included in this classification is pumped
storage. The storage of energy by pumping water to an elevated reservoiris an old and well understood procedure which is gaining in application[4-26]. All of these processes have potential for storage of large
amounts of energy and should be considered in regards to the form of the
energy available when storage is required and to the economics; however,
their immediate application for storage in solar energy utilization
schemes does not seem to be promising.
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4-3. PHOTOVOLTAICS
Certain semiconductors when exposed to sunlight convert the
energy of the impinging photons (light quanta) directly into electricity
by a process called the photovoltaic effect. Neither moving parts nor
high temperatures are required. Absorption of light by the semiconductor
generates free electrical charges which can be collected on contacts
applied to its surfaces. These special semiconductors, known technically
as photovoltaic devices, are commonly referred to as solar cells.
The most commonly utilized type of solar cell is the silicon
single crystal p-n junction cell. It is the only type which is readily
available on the commercial market at the present time. The reliability
of these cells has led to their utilization in over 600 U.S. and some
400 Soviet spacecraft as the primary source of electrical power. They are
also used in small independent packaged power systems in applications such
as remote sensing devices, transistor radios, ocean buoy lights, microwave
repeater stations, highway emergency call systems [4-32] and lighthouse
power equipment [4-33].
With such a well established technology for space and small
scale specialized terrestrial applications, why isn't it used on a wider
scale for supplying terrestrial electrical power needs? The answer is
that the present cost of the cells is prohibitively high.
According to Loferski [4-34], the current cost of silicon
cell arrays as determined by the market for space applications is $7,000/
m2 ($650/ft2 ). The principle cause of the high cost of silicon cells is
the necessity of making single crystals. While it is possible that cost
reduction by a factor of 100 might be attained by making currently con-
ceivable changes in the manufacturing process, it is not clear at present
whether silicon systems based on current concepts can ever reach competi-
tive cost levels. Work in progress includes a study of techniques utili-
zing thin film polycrystalline silicone [4-35].
The cadium sulfide cell is a polycrystalline film (10 micro-
meters) of CdS on which a film (0.1 micro-meters) of cupric sulfide is
grown. According to Boer [4-36], DuPont recently estimated that large
areas of this cell could be made for costs of about $5.00/m 2 . However
the current level of understanding of the photovoltaic effect in this
system is not good enough to lead to the controlled fabrication of reli-
able long-lived cells from CdS.
A possible alternative cost reduction technique is the use of
concentrated sunlight on photovoltaic cells at high concentration ratios.
However, as concentration ratios increase, passive cooling is not suffi-
cient to keep cell operating temperatures low enough to maintain reason-
able efficiencies. At high concentration ratios, active cooling must be
provided. It is possible that additional costs of concentration, track-
ing and cooling may be less than the additional cost of cells required
if concentration is not employed. This would result in a reduced
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installed cost per watt without reduction in cell cost per watt. Even
with reduced cell costs, concentration may be advantageous from a cost
standpoint and should not be overlooked as a viable option. Schaffer
and Beckman [4-37] designed and tested a photovoltaic power system with
a 36 cm cell area operating on a concentrated solar flux of 25 watts/cm2 (a concentration of almost 300) which produced 40 watts of electrical
power. A closed loop water cooling system utilizing pin fins on thebacks of the cells required 5 watts for pumping the coolant. The
system was not optimized and the cell would be correspondingly improved.
Russian workers have developed and tested several systems for pumpingwater in remote areas, which utilize water-cooled cells [4-38, 39, 40].
Glaser [4-41] mentions organic semiconductor compounds on
which research is continuing because there does not appear to be a theoret-
ical limit for energy-conversion efficiency. However, the present
efficiency of such compounds is about 0.05%, indicating that substantial
progress still remains to be made.
Bailey [4-42] has proposed the possibility of creating high
efficiency solar-electricity converters utilizing wave-like properties
of radiation interacting with absorber-converter elements. The proposal
is based on the possibility of extending concepts of power absorbing
antennas and converters to the visible light range. However, the concept
has not yet been demonstrated in the laboratory for the visible light
range.
Further research and development are required before it can
be ascertained whether the cost level required for large-scale photo-
voltaic solar energy conversion will be economically feasible.
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CHAPTER 5. SOLAR HEATING AND COOLING
IN BUILDINGS
The dilute and intermittent nature of solar energy has served
to inhibit its utilization in many applications. One case where
dilution is not as significant a deterrent is in the heating and cooling
of buildings. Enough solar energy strikes the roof of the average
home each year to provide nearly ten times its annual heating requirement[5-1]. Additional advantages of solar energy for heating and cooling inbuildings are its widespread availability and easy conversion to thermal
form. Sunshine is available in differing amounts everywhere in the world
and the easiest method of capturing it is by absorption in the form of
thermal energy (heat). Therefore, it is logical to utilize it directlyin the heating and cooling of buildings and avoid losses that would
occur by conversion to some other form. It may be emphasized that of
the total energy consumed annually in the U. S., about 25% is used forheating and cooling in buildings.
It is generally agreed that of all the possible widespread
uses of solar energy, this application has the highest probability of successin the near term. Although there are significant uncertainties associa-ted with some technological and economic aspects, they do not loom aslarge as those associated with other potentially significant applications,
such as electrical power generation. It may, however, be noted that solarelectrical power generation at the building site, or at a centralized
station is an excellent long term prospect. Approximately 25 experimental
solar heated structures have been built in various parts of the world.
Figure 5-1 is a diagram illustrating in general form the func-tional relationships of the required components for solar heating and
cooling in a building and Figure 5-2 is a schematic diagram of a
specific example. The collection and storage required to take care ofthe maximum possible heating/cooling load conditions is far too expensiveto be practical, and a supplemental energy source must be provided.
However, the supplemental energy source must be capable of supplying thefull heating or cooling requirements of the building at the time whenthe demand is the greatest. The thermal energy available from the collector
or storage units can be used directly for space and water heating or to
operate a heat actuated cooling unit. As with space heating and cooling
with conventional energy sources, various pumps, controls and facilities
for circulating air from the heating and cooling units to the conditionedspace are required.
Figure 5-3 illustrates a systems approach to achieving the ob-jective of identifying and evaluating systems for space heatinq and cool-ing of buildings, including water heating. There are numerous alterna-tives for satisfying the various requirements.
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The major decisions to be made in terms of collection are
whether to use a flat plate or a concentrating type, and whether or not
a spectrally selective absorbing surface should be employed. These
alternatives are reviewed in Section 4-1.
The solar energy may be collected as thermal energy or trans-
formed at the collector to electricity (e.g., photovoltaics), or both.
Transport of energy from the collector may be as thermal energy
via a circulating fluid or as electricity, depending on the transformation
occuring at the collector. If thermal energy is transported from the
collector, it may be used as thermal energy, or transformed to mechanical
or electrical energy by an appropriate conversion device.
The basic alternatives for storage depend on the form in which
the energy is supplied and may be classed as thermal, chemical, or
mechanical.. Specific techniques for each of these categories are discussed
in Section 4-2.
The supplementary energy source would ordinarily be electrical
power or fossil fuel (coal, oil, or gas).
Particular space heating, space cooling, and water heating
processes or devices need to be selected. The alternatives available
and their integration with the collection, transformation, transport,
storage, and supplementary energy source components are not detailed
here but are discussed in the following sections.
Examples of the types of constraints and criteria which may
affect the trade-offs made in identifying candidate systems for a par-
ticular installation might be:
o Available insolation
o Microclimate characteristics
o Building size
o Building function
o System function
a) Space Heating only
b) Space Cooling only
c) Water Heating only
d) Solar electrical power
e) Combined System -- any combination of the above four
o Comfort conditions
a) Temperature control required
b) Humidity control required
o Economically feasible
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The approach to the systems identification just outlined
focuses on technological considerations. An overriding criterion for
practical application arises from the need to achieve economic competi-
tiveness. The present chapter concludes with a discussion of the rela-
tionship between the technological and economic considerations essential
to the practical implementation of solar heating and cooling in buildings.
5-1 SPACE COOLING WITH SOLAR ENERGY
Current energy use for air conditioning of buildings is only
a small percentage of the national energy utilization. On a national
level, the energy used for air conditioning of residential structures is
about one-tenth of that for space heating.
Nevertheless, there are several reasons why solar cooling
development and assessment should be examined just as intensively as
solar heating. The demand for cooling is increasing at a greater rate
than that for heating. The relative energy demand for heating and cooling
is also highly regional and in some areas, e.g., the Southwest, more
energy is already used for cooling than for heating purposes.
Cooling applications of solar energy have some inherent
advantages over heating applications. Heating needs tend to be out
of phase with the sun, both on an annual and a diurnal basis. The
cooling load more nearly parallels solar energy supply. Therefore,
energy storage requirements are not as significant a factor in cooling
as in heating. It is likely that solar utilization for combined heating
and cooling systems will be more attractive economically than for systems
which only heat or cool. The additional capital investment required for
combined solar systems as compared to a system which heats only, would
not be as large a proportion of the total expense because cooling
installations are inherently more costly than heating systems.
Finally, the costly summer peak electrical demand which occurs
in many parts of the U. S. could be significantly reduced if solar
cooling could be widely utilized. Even though the energy used for
residential and commercial summer cooling is less than 3% of the total
national annual consumption, it is 42% of the summer total for these
building types.
Alternatives for space cooling processes which may be integrated
into solar energy systems for buildings are listed in Figure 5-4. Brief
descriptions of these processes are outlined in the following paragraphs,
with the exception of architectural control which is outlined in the
next section.
The vapor compression system is the most familiar and commonly
used cooling system. Most residential and automotive space cooling,
and food refrigeration machines in use in the U. S. are of this type.
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The major components are a reciprocating vapor compressor, an evaporator,
a condenser, and an expansion valve as illustrated in simplified form 
in
Figure 5-5a. The most commonly used working fluid is Freon-22. 
The
reciprocating compressor is usually electrically driven. However, 
an
interesting approach employing a solar driven Rankine cycle engine
directly coupled to the compressor shaft has recently been reported[5-2].
In some applications, for example water chillers, the reciprocating
compressor is replaced by a steam jet ejector device for compressing the
refrigerant. Russian workers have investigated a freon ejector solar
cooler intended for use as an air conditioner [5-3].
Absorption systems are less familiar to the general public
since their main applications have been industrially oriented involving
large capacity machines. These systems are heat actuated, depending on
the use of two substances which are dissolved in each other and then
separated. They are the refrigerant (for example, ammonia) and the
absorbant (for example, water). A critical review of literature on the
absorption cooling process has been publ/ished by the Institute of Gas
Technology [5-4]. A continuous absorption cycle is illustrated in
simplified form in Figure 5-5b. The dissolved refrigerant is boiled
off from the absorbant in the generator by heat applied from the energy
source. The refrigerant is then condensed giving up heat to the ambient
air or a coolant such as water. After the refrigerant liquid flows
through the expansion valve which drops the temperature and pressure, it
is evaporated by picking up heat from the space to be cooled. The
vaporized refrigerant is then reabsorbed in the liquid absorbant 
and
pumped back to the generator. The system is similar to the vapor
compression system, except that the reciprocating compressor is 
replaced
by a generator, absorber, and pump.
Other variations on this process are the open regeneration
system [5-5], the intermittant absorption cycle [5-6,7], and the three
fluid absorption system [5-8]. The intermittant cycle has been proposed
primarily for the production of ice from solar energy for food 
preser-
vation. The three fluid system process is most commonly known to the
public as a gas-fired air-conditioner. An additional variation 
on
absorption systems is the possible replacement of the liquid absorbant with
a solid.
The thermoelectric cooling system is based on the Peltier
effect in which an electric current flowing across the junctions between
two dissimilar materials (metals or semi-conductors) causes one junction
to cool while the other becomes hotter. It is commonly employed only
in small scale, specialized cooling applications.
Evaporative cooling is a process which is feasible with low
humidity air in which the air is contacted with water droplets which
then evaporate. It has been commonly employed in dry climates such as
the Southwestern U. S.
Desicant humidity control involves the use of a hygroscopic
material in either solid (such as silicon gel) or liquid (such as
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triethylene glycol) form which will remove most of the moisture from the
air with which it is intimately contacted. Regeneration of the desiccant
requires application of heat. Cooling of air can also be accomplished
by combining this type of system with evaporative cooling. Several
papers discussing the use of this technique with solar regeneration
have been published [5-9, 10, 11]. Systems using triethylene glycol
are in industrial and commercial use in relatively large sizes.
Cooling by night-sky radiation is also possible. In dry climates
with low sky tempe atures and clear atmospheres it is possible to radiate
25 to 50 Btu/hr/ft from a surface at ambient temperature [5-12]. Air
or water can be circulated past a large surface exposed to the night sky
and cooled in this way.
Of these techniques, one of the most promising applications
of solar energy to space cooling in the U. S. is the continuous absorption
system. Some experimentation on the coupling of these systems with
solar collectors has been performed [5-8, 13, 14, 15]. Flat plate
collectors are the most convenient to use for these applications, but
difficulty has been encountered in matching the relatively low temperature
achieved by the collectors with the generator temperature required for
smooth system operation [5-8, 13, 14]. Efficiency and smoothness
of operation can be improved if heat rejection is by once through water
cooling or a cooling tower. However, for residential application such
heat rejection techniques may not be feasible, so that air cooling would
have to be employed. One of the systems referenced above [5-14] was
installed in a building which was constructed and tested in Brisbane,
Australia. A number of difficulties in the operation of the system were
encountered. Japanese workers have investigated the use of a parabolic
cylinder concentrating collector coupled with an absorption cooling
system [5-15].
Much of the past investigation has been performed by strong
proponents of solar energy. There has, therefore, been a tendency on
the part of some to overemphasize the favorable aspects of a particular
development while omitting or at least not fully stressing the diffi-
culties involved. Lack of sufficient funding has also hindered some of
the previous investigations.
What is needed is an approach where promising conceptual system
designs appropriate to particular geographical regions are selected
for development. This should be followed by detailed design and testing
of individual components of these systems. Finally, the complete system
should be tested with solar input and under actual or simulated load
conditions. Instrumentation should be complete enough so that performance
of each component as it functions in the total system can be assessed.
In this way the problem areas can be realistically identified and
documented so that the state-of-the-art can be advanced.
According to Lof [5-16], "research and development needs in
residential solar cooling are system design studies, cooling unit design,
testing of combined solar heating and cooling assemblies, economic
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evaluations, component development and improvement, and manufacturing
(industrial) engineering development." He also points out that "major
deterrents to commercial entry into the manufacture and sale of solar
heating systems are insufficient design information, high capital
(initial) costs of the units, and the uncertainty of a profitable
market." While the last remark was made in reference to solar heating
systems, the same points apply even more strongly to solar cooling
systems and to combined systems. As a specific illustration, it appears
that to date no major manufacturer of absorption cooling equipment
has spent any significant effort on research and development toward
absorption cooling units with input from solar collectors and/or
storage facilities and their integration with supplementary energy
sources.
5-2 SPACE HEATING WITH SOLAR ENERGY
Approximately 25 experimental solar heated structures have
been built in various parts of the world. Various combinations of collector
types, heat storage techniques, heat distribution techniques, and
auxiliary energy supplies have been used.
Alternative space heating processes are indicated in Figure 5.6.
The first alternative (architectural control) is to be distinguished from
those remaining, each of which involve mechanical control systems. A
useful way of comparing these two basically different types of control
systems is presented in the following table:
Characteristics of Two Systems
Architectural Control Systems Mechanical Control Systems
o Basically fixed in nature o Usually has moving parts
o Little maintenance required o Regular maintenance required
o Reliability easily achieved o Reliability an important
constraint
o Low operating energy con- o High operating energy con-
sumption sumption
o "Passive" control achieved o "Active" control necessary:
shading devices, natural pumps, fans, working
landscaping, building fluids, distribution
orientation, thick walls, systems, storage systems,
natural ventilation valves, monitors, electro-
mechanical controls
The effect of landscaping design and architectural design inclu-
ding use of overhangs and shading devices on the use of energy to heat
and cool buildings is shown graphically in Fig. 5.7. If the building has
areas of glass exposed to direct summer sun, the capacity of the air con-
ditioning system must be increased and operating costs are higher for
summer cooling. If this glass is shaded, either by architectural
devices or by proper location of trees and shrubbery, then the operating
ARCHITECTURAL
CONTROL
CIRCULATING
FLUID
SPACE HEATING ABSORPTION
PROCESS HEAT PUMP
VAPOR COMPRESSION
HEAT PUMP
POSSIBLE COMBINATIONS
OF ABOVE PROCESSES
Figure 5-6. ALTERNATIVES FOR THE SPACE HEATING PROCESS REQUIREMENT
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House designed with no roof overhang
or exterior window shading has higher
summer operating costs.
6-
Passive control of insolation:
requires less energy for cool
living. May require more heating
in winter.
Wise placement of deciduous
tree shades house in the summer,
reduces operating costs.
Deciduous trees shed leaves in
the winter, allow penetration of
solar energy into house and
reduces operating costs.
Figure 5-7. ARCHITECTURAL AND LANDSCAPING DESIGN AS AN AID
IN HEATING AND COOLING BUILDINGS
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costs and capacity of equipment can be reduced. It is not always clear to
what quantifiable extent "good" architectural design is responsible
for energy conservation or passive solar utilization, but in a rational
cost-benefit analysis of the application of solar energy to heating
and cooling the inherent characteristics of both systems and their
life-cycle costing must be compared. General reference to the study of
architectural control of energy can be found in [5-17, 18, 19]. Two
selected specific examples of application are in [5-20,21].
The second alternative (circulating fluid systems) usually
involves direct hot air distribution to the heated space or circulation
of hot water to radiators or heating panels.
The principle of operation of the vapor compression and vapor
absorption heat pumps is the same as for the corresponding cooling
cycles as described in the previous section (see Figs. 5.5a, b). The
mode of operation, however, must be modified so that the condenser (and
absorber in the case of the absorption cycle) transfers heat to the heated
space and the evaporator picks up heat from the environment.
Selected characteristics of some completed solar heated
buildings are presented in Table 5-1. These buildings all utilize some
type of circulating fluid heating process. More detailed summaries of
these and other completed solar structures may be found in [5-12, 22].
The performance of these experimental systems has been measured with
widely varying degrees of completeness and accuracy. The capabilities
of the various designs have been roughly established. As a result
there is no uncertainty about the technical possibilities of satisfactory
solar space heating systems. The heating systems which have been
designed, while workable, are not fully engineered. The best systems
will need to be selected, the design of the systems needs to be optimized,
and several components of these systems need further development and
engineering.
Concepts which utilize the heat pump principle with solar
input would ordinarily be used only in a combined system where both
space heating and cooling is desired, as discussed in the section 5-4.
5-3. WATER HEATING WITH SOLAR ENERGY
Solar water heaters are commercially manufactured in Australia,
Israel, Japan, USSR, and the United States. The use of solar water
heaters is increasing in Australia, however, it is decreasing at the
present time in Japan and the United States.
The technology of solar water heaters is well developed; further
product engineering and larger scale manufacturing would result in
cost reductions and increased utilization. A complete review of this
application solar energy may be found in [5-23].
Table 5-1 SELECTED CHARACTERISTICS OF SOME COMPLETED SOLAR HEATED BUILDINGS
Building Building Date Collector Transport Storage Supplementary SpaceLocation Type Completed Type from Medium Heat Heating
Collector Source Process
Lexington, Residence 1958 Flat plate, black- Water Water Oil-fired Warm airMass. ened aluminum, furnace circulation
glass covered.
Denver, Residence 1958 Flat plate over- Air Gravel Gas-fired Warm airColorado lapped glass. furnace circulation
Albuquerque, Office 1956 Flat plate, black- Water Water Electrically Hot waterNew Mexico Building ened aluminum, driven circulation
glass covered. heat pump
Princeton, Laboratory 1959 Flat plate, black- Air Glauber Warm airNew Jersey ened sheet metal Salt 
- circulation
glass covered.
State College Residence 1953 Flat plate, black- Air Glauber Gas-fired Warm airNew Mexico ened steel sheet, Salt furnace circulation
glass covered.
Dover, Residence 1949 Flat plate, black- Air Glauber Added after Warm airMass. ened sheet metal, Salt two heating circulation
glass covered. seasons
L1
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5-4. COMBINED SYSTEMS FOR HEATING AND COOLING WITH SOLAR ENERGY
The same major components can be used to supply hot water,
space heating, and space cooling. Selected characteristics of 
some
completed solar heated and cooled buildings are summarized in Table 
5.2.
In the strict sense, the cooling processes used in these structures are
not solar cooling, but primarily rely on radiation to the cool night
sky. The air or water so cooled is used to cool the storage medium.
During the day air or water is circulated to the cooled storage medium
and then used to cool the interior space of the building. The first three
buildings in Table 5.2 are discussed by Lof [5-12], including schematic
diagrams of the Tucson, Arizona laboratory system. In the Phoenix test
structure [5-24] water stored in shallow ponds or plastic bags on the
roof serves for both collection and storage. In winter, moveable insulation
is then placed over the water volume during the night so that heat collected
and stored during the previous day with the insulation removed is trans-
ferred to the interior of the structure. In summer, the operation is
reversed so that coolness stored during the night by radiation to the sky
causes heat transfer from the interior of the structure to the cooled
water during the following day. Cooling techniques using night sky
radiation work best in hot, dry climates with relatively large diurnal
temperature variations.
Several proposed concepts for integrated systems using heat
pumps are outlined in Table 5.3. Three proposals involve the use of
vapor absorption cycles [5-15, 25, 26]. One suggests a Rankine engine
directly coupled to a vapor compression machine [5-2]. Fig. 5-8 is a
preliminary climate control system schematic diagram showing one possible
approach for integrating the auxiliary equipment with the solar system
equipment [5-25]. The operation of such systems in actual structures
with solar energy input remains to be demonstrated. One residence on which
testing is in the beginning stages involves a combined thermal and
electric system [5-27].
The identification of optimum combined systems is a difficult
task because of the large number of possible schemes for arranging
and interconnecting the various components. For example, selection of the
point at which supplementary energy is added to the system can signifi-
cantly affect the economy of operation. Some work currently in progress
includes investigation of this question [5-28]. A number of combined
system schemes are discussed in [5-12].
Since the economic obstacles to solar space heating and cooling
are so fundamentally important, it is critical that the design of the
solar heating and cooling system be carefully optimized with respect to
the cost in order to be as competitive as possible with conventional
systems. Because of the large number of design options and design
variables, optimization for minimum cost is a very complex problem.
Economic aspects of solar heating and cooling in buildings are addressed
in the following section.
5-5 ECONOMICS OF WATER HEATING, SPACE HEATING AND SPACE COOLING WITH
SOLAR ENERGY
The total cost of solar thermal energy for buildings can be
TABLE 5-2. SELECTED CHARACTERISTICS OF SOME COMPLETED BUILDINGS WITH SOLAR HEATING AND COOLING
Building Type Transport SDace Space
Location, and Date Collector from Storage Supplementary Heating Cooling
Completed Type Collector Medium Source Process Process
Laboratory Flat Plate Water Water Electrically Hot water Night sky
Tucson, Arizona green painted driven heat circulation radiation
1959 copper, no pump
cover plate
Residence Flat Plate Water Water Oil-fired Hot air Evaporation,
Washington, D.C. blackened, corrugated & furnace circulation radiation to
sheet metal, Rocks night sky of
plastic & glass flowing water
covered
Residence Flat Plate Air Rocks None Hot air Evaporation,
Amado, Arizona screen type, Provided circulation radiation1955 loose weave to night sky
black cloth, of flowing water
glass covered
Small Test Water ponds None Water None Radiation Night sky
Building over ceiling ponds from radiation
Phoenix, Arizona over ceiling
1967 ceiling panel
I
5-3. SELECTED CHARACTERISTICS OF SEVERAL PROPOSED CONCEPTS FOR SOLAR HEATING AND COOLING 
IN BUILDINGS
Transport Space Heating
Building Type & Collector from Storage Supplementary and Cooling
Location, Reference Type Collector Medium Source Processes
Small office Flat Plate Water Water Gas or oil Lithium 
bromide-water
Building black absorbing fixed furnace, absorption 
machine
Lincoln, Mass- surface, two electric vapor combined 
with
achusetts [5-25] glass covers compression circulating water
cooler
Residence Flat Plate Water Water Electrical Water 
- ammonia
Primary design selective coating favored oil, or gas absorption
for Huntsville, on aluminum plate, at this cycle 
heat
Alabama [5-26] two Tedlar plastic time pump
covers
Residence Flat Plate Air Phase Electric, Heat pump,
Newark, cadmium sulphide Change other (?) possible aug-
Delaware [5-27] solar cells, one Salts mentation by
(under construction) glass, one plexiglass night sky
cover radiation
Residence Concentrating Santotherm not not Lithium 
bromide -
Feasibility compu- type-parabolic 66 discussed specified water absorption
tations for cylinder cycle
Tokyo, Japan [5-15]
Heating Cooling Flat Plate not not not Rankine cycle
System specified discussed discussed engine directlydiscussed without coupled to vapor
reference to compression heat
building types [5-2]1 pump
THERMAL STORAGE
SOLAR COLLECTOR
BLACK ABSORBER
HEAT
ACTUATED m
AIR i CONDITIONER "
rWATER AUXILIARY I
COOLED AIR CONDITIONER
LITHIUM
BROMIDE
ABSORPTION
MACHINE
HEAT-- - -
TRANSFER
FLUID
AUXILIARY
HOT WATER FURNACE
FIG. 5-8. EXAMPLE OF COMBINED SOLAR SPACE
HEATING AND COOLING SYSTEM
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divided for purposes of discussion rather naturally into the costs of
collection (i.e., the collector) and the costs of utilization (i.e.,
storage, pumps, and controls).
Costs of Collection. A simple calculation can be made which illustrates
the fundamental cost problems which arise in the collection of solar
energy.
The equivalent cost of the heat delivered by a flat plate
collector can be calculated based on the following assumptions:
o The collector can be manufactured for $2 per square foot.
o The collector lifetime is 20 years.
o The interest rate on capital is 8 percent.
o The long term daily average heat collection is 700 BTU
per square foot per day.
o All of the heat which is collected can be utilized.
The capital costs can be amortized over the lifetime of the
collector to determine the equivalent cost of heat obtained from the
collector.
Cost of Heat = (Capital Cost) (Capital Recovery Factor)
(Total Heat Collected During Year)
= $2) (0.102) = $0.80/106 Btu.
(700 x 365)
The basic collector costs of $2/ft2 is an estimate of costs
which may be achievable in mass production. They are optimistic
estimates and will require good design and high volume. Attempts to
reduce the basic collector costs (e.g., by use of plastics instead of
glass) could also result in a reduction in the collector lifetime and
therefore may not reduce the net cost of heat.
It is not easy to reduce the costs of the collector. The
basic materials are already manufactured in large quantities for other
purposes and so the economies of mass production as far as the basic
materials are concerned have already been realized. Of course the
manufacturer of the collectors themselves has never been on a mass
production scale and so economies can be realized there. Another promising
concept for cost reduction is to use the collector as part of the roof
covering or perhaps even a structural part of the building.
The heat cost obtained represents the costs of collection only.
It does not include any of the costs of utilizing this heat. It will be
shown in the following section that these costs can easily increase
the total cost by a factor of two or more.
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It must be reemphasized that this heat cost assumes that all of
the heat collected can be utilized. This implies either that long
term.storage of the heat is possible or that the demand for heat is
very uniform over the entire year. This requirement is most nearly
met by hot water for domestic use since demands are quite uniform over
the year. It is not met for space heating alone or space cooling alone
where the amount of heat required may be very seasonal. For example, if
solar heat is required for only 4 months during the year the cost of
useable heat from the collector will effectively be tripled. This
accounts for the desirability of using the solar heat for both heating
and cooling since the heat is more fully utilized.
Heat energy is available from cgal at a cost of $0.50/106 BTU
and from oil or gas at a cost of $1.80/100 BTU [5-29]. Under these
idealized conditions the cost of solar heat is approaching economic
competitiveness and will become even more competitive as the costs of
the alternate fuels rise.
While somewhat oversimplified this brief analysis outlines
the fundamental economic obstacles which must be overcome if solar
heating and cooling are to be economically competitive.
Costs of Utilization. The most recent and most thorough studies of
total system costs have been performed by Tybout and Lof [5-1, 30].
Using an elaborate computer model they determined the least cost design
for a typical solar house in 8 cities in the United States. Their
results for heating only are summarized in Table 5-4. Their results for
combined heating and cooling are shown in Table 5-5. The comparison of
solar heating and cooling costs with alternate fuels is summarized in
Table 5-6.
The general broad conclusion which can be reached from the
results of this study is that solar heating and cooling is less costly
than electric heating and cooling and is approaching competitiveness
with gas and oil in some areas of the United States.
An interesting insight into typical system costs can be
obtained by examining the total system costs for least cost solar
heating designs. These costs are summarized in Table 5-7. Also shown are
the total additional system costs per square foot of collector. In all
but one of the eight cases the total added cost is close to $4.50 per
square foot of collector. Since the collector cost is $2.00/ft2 this
means that a reasonable estimate might be that the costs of utilization
would be about $2.50 per square foot of collector. Total system costs
are approximately 2 to 2.5 times the collector costs.
5-22
Table 5-4 LEAST COST SOLAR HEAT
(25,000 BTU/DD House)
Location Collector Area Solar Heat Co t
(ft2) ( % ) ($/10 Btu)
Santa Maria
California 261 75 1.10
Albuquerque
New Mexico 261 60 1.60
Phoenix
Arizona 208 72 2.05
Omaha
Nebraska 521 47 2.45
Boston
Massachusetts 347 40 2.50
Charleston
South Carolina 208 55 2.55
Seattle Tacoma
Washington 521 45 2.60
Miami
Florida 52 70 4.05
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Table 5-5 LEAST COST SOLAR HEATING AND COOLING
(25,000 BTU/DD House)
Location Collector Area Combined Heating Cost
and Cooling
(ft2) (% Solar) ($/106 BTU)
Albuquerque
New Mexico 577 63 1.73
Miami
Florida 1150 60 2.13
Charleston
South Carolina 1150 68 2.47
Phoenix
Arizona 1150 33 1.71
Omaha
Nebraska 1150 59 2.48
Boston
Massachusetts 1150 65 3.07
Santa Maria
California 289 52 2.45
Seattle-Tacoma
Washington 577 43 3.79
5-24
Table 5-6 COMPARISON OF SOLAR HEATING AND COOLING COSTS
WITH ALTERNATE FUELS ($/106 Btu)
Location Conventional Fuel Solar Energy
Gas Oil Electricity Heating Cooling Combined
Albuquerque
New Mexico 0.89 2.07 4.62 2.08 3.29 1.73
Miami
Florida 2.81 1.73 4.90 - 2.26 2.14
Charleston
South Carolina 0.96 1.55 4.22 3.34 3.49 2.46
Phoenix
Arizona 0.79 1.60 4.25 2.87 2.05 1.70
Omaha
Nebraska 1.05 1.32 3.24 2.93 5.41 2.49
Boston
Massachusetts 1.73 1.76 5.25 3.02 8.72 3.08
Santa Maria
California 1.42 1.62 4.36 1.58 1.46 2.46
Seattle-Tacoma
Washington 1.83 2.00 2.31 3.14 1.95 3.78
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Table 5-7 TOTAL SYSTEM COSTS - LEAST COST SOLAR HEAT
(25,000 Btu/DD House)
Collector Extra Cost of Unit Cost of
Location Area Solar beating Collector Area
System
(ft2) ($) ($/ft2)
Santa Maria
California 261 1145 4.40
Albuquerque
New Mexico 261 1145 4.40
Phoenix
Arizona 208 905 4.35
Omaha
Nebraska 521 2045 3.90
Boston
Massachusetts 347 1430 4.10
Charleston
South Carolina 208 990 4.75
Seattle-Tacoma
Washington 521 2175 4.20
Miami
Florida 52 535 10.03
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CHAPTER 6. SOLAR POWER GENERATION
AND DISTRIBUTION
Power generation using solar energy could go a long way in help-ing to meet future energy demands. Solar energy can be successfully con-
verted into thermal energy, electrical energy, and chemical energy. A greatdeal of research and development remains to be done on these systems and thedistribution of their energy in order to make such systems practical.
6-1 POWER GENERATION
The generation of power is one of the eventual uses of solar
energy collection. Many systems have been proposed and some already built.
These vary from the central power station in the gigawatt scale to frac-tional kilowatt machines.
Lof and Karaki [6-1] estimated that the cost of electricity from
solar energy might be as low as 3.75 cents/kWh if in mass production the flat
plate collectors can be made for $2.00/ft . Selcak and Ward [6-2] have made
calculations using a computer and presented minimum costs for differenttypes of collectors. Oman and Bishop [6-3] have studied the generation of
electricity by the use of concentrating collectors and found that a mini-mum cost was obtained (75C/kWh) when a 9.80 meter diameter paraboloid was
used with a Stirling Engine. In isolated regions, where power is not
available from a large generating system, Girardier and Masson [6-4] foundthat the cost of power from the "sun" was cheaper than the cost of power
obtainable from a diesel plant for shaft Hp under 8 Hp. For the U.S.,
where electric power, in most areas, is available at fractions of l1/kWhat the generating station and about 1 to 3C/kWh to the consumer, it seemsimpractical to build solar generating plants except for research purposes
in order to be ready when their need comes. All these costs for power arefor daytime generation without storage. According to Lbf [6-1] storage
will increase cost of generation by 25 percent.
Lof and Karaki [6-1] analyzed the alternative of concentrators vs.flat plate collectors and of small installations vs. large installations.
Their analysis shows that there is little economic advantage in going to
the large central station concept because approximately 95 percent of the
cost of the system is for the collector by itself. The problems associated
with the gigantic size of gigawatt solar central stations, due to insulation
and pumping plus the losses through an energy distribution system, overcome
any advantage obtained by using a large and highly efficient turbine. The
real cost of these large systems has not been properly assessed in the lit-
erature. From their analysis it is also seen that flat plate collectors,
while yielding lower Carnot efficiencies, cost much less and are less sensi-tive to cloud cover than concentrators; thus, even though the collecting
area might be bigger, the important parameter, cost/kWh, might be lower.An important factor that deserves study is the energy and materials invest-
ment associated with the production of both concentrating and flat platecollectors. This might be a significant parameter from a conservation
point of view. 
_/
6-2
Power generation might be more attractive as a substitute to air
conditioning during the summer in those parts of the country where space
cooling is not of great significance. This is because the air conditioning
implies an extra cost for an added comfort while the generation of electri-
city constitutes "liquid savings" on the equipment.
Power Generation - Thermal. Solar central power stations will necessarily
require extremely large collector areas due to the dilute nature of solar
energy. These big stations (see figure 6-1) might be used to power elec-
tric generators or to supply process steam in an industrial area. Due to
economics, the collection temperature of solar energy cannot be as high as
the temperatures obtainable from conventional sources of fuel like fossils
and nuclear.
An efficiency idealization, the Carnot efficiency (TH - TL)/TH,
where TH is the high inlet temperature and TL is the low output tempera-
ture, both in degrees Kelvin (Kelvin = Centigrade + 273),should be in mind
at all times. A modern coal burning electrical power station can have an
efficiency of 42 percent which deteriorates with increasing operating time.
An obvious rule of thumb is, "TH should be very high and TL should be very
low for high Carnot efficiency." Most solar energy proponents have not
given attention to heat rejection.
Because losses occur at every turn in solar energy conversion,
only a fraction of the Carnot efficiency can be attained in practice.
A nominal expected efficiency of 20 percent could be a bench mark for a
thermal, solar energy station.
If power is transmitted in the form of electric'ity, more losses
occur on conversion and conduction. The reduction of conduction losses by
means of super conductive materials under a cryogenic environment is being
studied [6-5].
Insofar as serious central power generation is concerned, the
idea of solar central power generating stations started with C. G. Abbot,
of the Smithsonian Institution (U.S. Patent No. 2, 247, 830 dated July 1,
1941) who is the originator of a thermal collector mounted in an evacuated
pyrex tube located at the focus of a reflecting parabolic cylinder for solar
energy conversion. This idea is common to many succeeding proposals for
solar energy powered central stations.
A general characteristic of collectors with concentrating ratios
higher than a few times is that they must track the sun; that is, they are
heliostats. Gulf General Atomic (1972) has been working on these and has
devised a fixed reflector with a movable collector configuration in order
to reduce the effort to track the sun.
Many variants have been proposed for the collection and con-
version of solar energy. Three of these proposals are presented as ex-
amples:
o The Meinel proposal
o The Minnesota-Honeywell proposal
o The Hildebrandt proposal
Figure 6-1. SOLAR FARM
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The Meinel Proposal. The Meinels [6-6, 6-7, 6-8] proposed the
following combination for a central power station.
o A seven mile by seven mile square farm of solar concentrating
collectors.
o Each concentrator is a linear Fresnel lens which focuses rays
into an Abbot collector.
o The thermal tube of each Abbot collector has special optical
coatings.
o Liquid sodium is pumped through the thermal tube.
o The heated liquid sodium is pumped into a heat exchanger-
heat storage tank whose medium is molten sodium chloride.
o Steam exits from the storage tank and drives a conventional
turbogenerator.
An important feature of the Meinel proposal is the optical
coating of the thermal tube. The gist of their experiments is:
* Silicon and germanium coatings have the highest efficiency
in converting solar radiation to thermal energy but are
limited to 3500 C temperature.
o Molybdenum coatings has lower efficiency than the silicon
coatings but can attain temperatures as high as 7500 C.
o The lifetime of these coatings has not been determined.
A modular cylindrical parabolic reflector with an Abbot
collector is in existence at the University of Arizona as a test and dem-
onstration model.
Minnesota-Honeywell Proposal. The constituent elements of the
University of Minnesota-Honeywell Company proposal [6-9] are:
o A cylindrical parabolic reflector with an Abbot collector.
o A thermal tube consisting of a gravity assisted heat pipe.
a Molybdenum and aluminum oxide coating; their coating pre-
existed the Meinel coating.
a A heat exchanger as receiver for the thermal energy.
o A water-steam storage tank (one hour storage).
o Conventional high and low pressure turbines.
The heat pipe walls are stainless steel (Fe, Cr, Ni) and the
heat transfer fluid is water.
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Some of the early results from experimental observations are
presented:
o Stainless steel has shown a large thermal inpedance which is
undesirable.
o A 400 C temperature drop has been the lowest observed in the
heat pipe-exchanger system.
o This temperature drop is increased by subsequent hydrogen
formation in the heat pipe as a result of corrosion.
o Aluminum oxide and chromium diffuse into each other and
form a ruby compound which degrades their heat collecting
efficiency.
o Coating lifetime is not considered a problem if the temperature
is kept below 4000 C.
Besides the heat pipe, another special feature of this proposalis a water-steam storage device. During periods of high insolation, steamis bled prior to the high pressure turbine and introduced at the bottom of a
water tank. The intimate steam and water contact produces a highly efficientheat exchanger. During low insolation periods, the pressure is reduced inthe storage tank and the vapor is passed from the top of the tank into thelow-pressure turbine. This system then provides a "constant" power input
to the mechanical system.
The Hildebrandt Proposal. Hildebrandt, Haas, Jenkins and Colaco[6-10J proposed utilizing magnetohydrodynamic (MHD)qeneration for large
scale electrical power generating plants. The main characteristics of theirproposal include:
o A closed cycle MHD generator requires helium gas seeded with
cesium vapor for electrical conduction.
o Thermal energy converts the helium gas to high velocity.
o Subsequent interaction with a strong magnetic field produces
direct current (DC) electrical power.
o DC to AC converters supply transmission lines for distribution.
o Storage is accomplished with electrolytic-dialytic cells whichdissociate water into hydrogen and oxygen.
o Fuel cells convert H2 and 02 back to DC electricity.
Magnetohydrodynamic (MHD) generators are based on the same
electro-magnetic induction utilized in a conventional generator [6-1].
The moving conducting wire of a conventional generator is replaced with a
moving stream of gas seeded with metallic ions.
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MHD generators are lightweight although bulky in volume. They
are well .suited for topping units and quick-start generators for emergency
situations.
The chief advantage of the MHD generator for solar utilization
is its light weight enabling mounting atop a tower which facilitates the
concentration of solar radiation from a mosaic of mirrors distributed at
ground level.
Power Generation using Photovoltaics. Photovoltaics (solar cells) have
many possible applications where there's a need to generate electricity
[6-12, 6-13]. The operation of photovoltaics was described in 4-3 where
it is also mentioned that their costs must come down considerably before
they can be considered competitive for electrical generation on a wide
scale.
Photovoltaics can be used as a source of electricity in the
house. Boer [6-13] is experimenting with CdS cells where they will be
built into the roof of a house and then used to supply part of the elec-
trical energy used in running the various electrical lights, appliances,
motors, etc.
Photovoltaics can be used for large scale power generation.
Basically they could be classified as terrestrial power plants and space
power plants, although, Cherry [6-14] proposes a "solar rug" where a solar
array and transmission system "floats" 50,000 feet above the surface of
the planet. The main purpose of the "Solar Rug" concept is to supply
electrical energy to supplement the peak daytime power demands.
A large terrestrial central power station could be constructed
using photovoltaics (solar cells) [6-15 - 6-20]. The output of the power
plant could be either electricity or it could be hydrogen generated by
electrolysis. The general form of the power plant might be solar cell
arrays mounted on ground based support mechanisms that track the sun.
The outputs of the arrays would feed either the conversion and distribution
system of the plant or feed an energy storage device.
The main problem with a terrestrial based power plant that uses
solar cells is the same as with the previously mentioned satellite system,
the costs of the solar cells. This then leads to design requirements that
minimize the costs of the cells versus the power output. One obvious result
is that these plants would be better located in areas of maximum solar in-
solation (desolate sunny areas) [6-19]. The land system has a significant
problem in that large storage capabilities are necessary to overcome the
intermittency of solar radiation on the surface of the earth. There are
various sources of projected costs for these types of systems [6-19, 6-20],
however, they all allow for significant reductions in the costs of manu-
facturing of solar cells under mass production. Ralph F6-19] suggests a
cost of $1.00/watt which implies a cost reduction on an order of 3 to 4 mag-
nitudes.
Extensive research should be done in the areas of photovoltaics,
in reducing costs, increasing efficiency, and in the plant design itself,
including the problem of storage.
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Probably the most ambitious project to utilize photovoltaic cellsis the satellite solar power station concept (see Figure 6-2.) [6-21 - 6-23].The basic premise of this concept is that the satellite would be placed insynchronous orbit above the Earth which would allow it to collect solar
energy on an almost continous basis (blackouts would occur when the satelliteis in the Earth's shadow but this happens for very short periods and only
a few days in a year). This scheme would eliminate the problems of storage
common to Earth-bound systems. The collected energy of the station wouldbe beamed to the Earth using microwaves.
Much of the technology involved in the construction of such
satellite power station exists at this time; however, there are significant
problems with costs and mass production as well as unforeseen technicalproblems in transporting and controlling the satellite that must be solvedbefore it can be considered technically and economically feasible. The
solar energy to electrical energy conversion is to be accomplished by
using photovoltaic cells. It is stated that the cost of solar cell pro-duction must be reduced to about $375 per kw [6-16]. This is a reduction
of about 500:1 over current costs. The microwave portion must meet thedesign requirements and be able to be mass produced at a cost of about$133 per kw. Likewise, the ground receiving antenna and rectifier(Rectenna) must meet the necessary specifications as well as be able tobe mass produced at a cost of about $100 per kw. Finally, a space
shuttle must be developed such that the cost of transporting and assembl-ing the satellite is in the neighborhood of $506 per kw. Thus, if all
unforeseen technical problems are manageable and all of the preceding
comes true, then the satellite power station concept may become feasible.
The actual development of the satellite power station must wait
until the aforementioned costs are realized and the space shuttle program
is well underway. The space shuttle will need to make an estimated 500flights in order to transport the station into space and a maintenance
rocket will be required at least once a year.
The desirability of constructing the satellite power station is
very complicated and many questions must be answered before a decision canbe reached. A detailed study must be done on the merits of constructing alarge central solar power station (photovoltaic and thermal) on Earth
rather than in space. It may be possible that the system on Earth may be
cheaper in the long run since a reduction of 500:1 in the costs of solar
cells would also make them more attractive for use on Earth.
6-2 ENERGY DISTRIBUTION
The problem of energy distribution for solar energy systems isthe same as experienced by current energy systems with the same output(e.g., electrical, gas, etc.). Thus, this problem is being actively
researched by many people. For instance, cryogenic cables [6-5] arebeing investigated in order to reduce transmission losses in electrical
distribution networks.
The various forms of chemical energy, as a result of conversionsin solar energy systems, were discussed in section 3-9. Energy in the
chemical form can be distributed in many ways. Hydrogen, as a liquid, can
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Figure 6-2. SOLAR SATELLITE POWER STATION (SSPS)
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be transported as liquid ammonia in tanks, or, as a metal hydride, in
containers (see Section 4-2).
Other chemical energy in the forms mentioned above (e.g., methane
and methanol) can be transported in similar ways.
Another possibility for long-distance transmission might be to
use satellites. Ehricke [642, 6-6] has proposed a system that could trans-
mit energy using microwaves and a satellite in synchronous orbit (station-
ary with respect to a point on Earth). The basic operation of the systemis to first transmit energy, via microwaves, from an earthbound powergeneration system (solar power plant, nuclear power plant, etc.) to the
satellite where the energy is passively reflected to an earth receiving
station where the microwaves are converted into the desired energy form.The objective of this concept is to transmit energy from a power plantto a distant usage area with as little loss of energy as possible. Thus,
large electrical generating facilities could be built in remote areasrather than near the usage area which is the current practice. This meansthat solar power plants could be built in the desert where they are most
efficient and nuclear facilities could be built far from populated areas.Another advantage might be that energy could be bought from and soldto other countries.
The feasibility of such a system depends on several importantfactors. Three of these would be the development of a space shuttle,technological advances in the research and development of the components,
and the results of cost and energy conservation tradeoff with competitive
Earth systems.
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PART III. STRATEGIES FOR, AND THE IMPACT OF,
SOLAR ENERGY UTILIZATION
This part of TERRASTAR presents the framework of a strategy for
the eventual acceptance of solar energy by the American people. A
national energy policy is presented to create a balanced tota.l energy
supply and consumption situation which includes solar energy as a com-
petitive energy resource. The potential of solar energy is presented to
indicate the magnitude of the solar energy contribution to the energy
market. The impacts of implementing solar energy into American society
are presented to indicate some of the barriers to the acceptance of
solar energy utilization.
The latter portion of this part considers the concept of solar
heating and cooling in buildings for a further in-depth study. The market
potential on a national and regional basis is presented as a required
input to the strategy for the acceptance of the heating and cooling of
buildings.
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CHAPTER 7. NATIONAL ENERGY POLICY
Until about 1970, few people recognized or acknowledged that the
United States was on the verge on an energy crisis. In 1971, the President
of the United States sent to Congress the first energy policy message ever
submitted by a United States president. The results of this message were
mainly to increase the federal funding of R&D programs in energy and to
make available more federally owned energy reserves. Considering the rapid-
ly deteriorating energy situatio time has shown that government actions
were too little -too late. It was not until the winters of 1971 and 1972,
when natural gas and fuel oil were scarce, and the summer of 1973 when gas-
oline was in short supply in certain areas, that the general public became
truly aware of the existence of an energy problem. Now that everyone in
the U.S. is aware of the energy problem, a National Energy Policy formu-
lated by the federal government has gained broad-based support.
7-1. BACKGROUND
The President,in his message to Congress on April 18, 1973, out-lined his National Energy Policy which included:
1. Increased domestic production of all types of energy
2. Many governmental moves to conserve energy
3. Energy needs should be met at the lowest cost consistent with
security and environmental needs
4. Reduction of regulatory-administrative impediments to the
construction of energy producing facilities (refineries,
nuclear plants)
5. Improve international relations in trade
6. Expand R&D and implementation efforts in all energy areas
7. Coordinate all Federal energy efforts in one office of the
Executive branch
Several bills have been introduced into the 93rd Congress which
propose solutions to portions of the energy problem: Some bills (e.g. H. R.44) propose that "a study of national fuels and policy" be established.
A bill for the "establishment of a corporation for the development of new
energy sources, and for other purposes" (S. 454) has been submitted. The
most comphrehensive bill appears to be S. 1283 which has elements of all
other bills mentioned above incorporated into it.
The National Petroleum Council has proposed a set of "Major U.S.
Energy Policies." The essence of these policies is as follows:
1. Assure adequate supplies of secure sources of energy
2. Preserve the environment in the production and use of energy
3. Promote efficiency and conservation in all energy operations
and uses
4. Recognize that in all three of the above objectives appro-
priate consideration must be given to the impact of energy
costs in economic welfare and progress
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Obviously, the details of this policy are heavily petroleum oriented.
Philip Sporn, a well known and knowledgeable public utility in-
dustrialist, outlined points that should be considered in the formulation
of a "national energy policy" in a recent "Conference on Research in the
Electric Power Industry". Mr. Sporn's bias was toward the rapid devel-
opment of nuclear power.
The Ford Foundation in their Energy Policy Project is now in
the process of making one of the most comprehensive studies of energy
policy problems and options ever undertaken. The results of this study
will not be published until 1974. All of these organizations and indi-
viduals have recommended that there be a National Energy Policy and some
have outlined such a policy in more or less detailed fashion. However,
it has been 2 years since the President's first energy message to Congress
and we still do not have a well defined, comprehensive, integrated, long
range national energy policy. Following is an attempt at suggesting a
National Energy Policy.
7-2. APPROACH TO THE FORMULATION OF A NATIONAL ENERGY POLICY
A National Energy Policy, to be effective, must concern itself
with the 3 major areas of the energy problem:
1. Supply of energy
2. Demand for energy (or consumptionwhich is the gross input
of energy required to satisfy demand)
3. Conservation of energy
Conservation, although effecting demand, is discussed separately because
of its importance.
Most of the previously mentioned proposals for looking at the
national energy problem or for establishing a National Energy Policy have
put much of their emphasis on supply and conservation and have paid only
lip service to demand reduction. All three of these areas will 
be dis-
cussed in qreater detail later in this reoort.
In Chapter 1 of this report, three possible future energy
scenarios were presented. Two of the scenarios established reasonable
upper and lower bounds on future consumption and the third scenario pre-
sented a more rational mid-course projection of consumption. Scenario 3
was proposed as a national plan for the consumption and supply of energy;
conservation, although not obvious in the figure displaying the scenario,
is part of the plan.
The rationale for using Scenario 3 as the basis for a National
Energy Policy was discussed in Chapter 1 but will be reiterated 
and ex-
plained here in terms of consumption, supply, and conservation.
7-3. CONSUMPTION
The control of consumption (demand), other than by conservation,
has not been stressed by government to date. In factPresident Nixon,
although stating that "we must explore means to limit future growth 
in
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energy demand," then stated in his energy message that "there should be
no need for a nation which has always been rich in energy to have to turn
to energy rationing." The National Petroleum Council,in their policy state-
ment, states that "forced reductions in energy consumption are undesirable
and should be employed only on an emergency basis." Their report states
further that,"the growth in per capita energy consumption during the pastquarter of a century has created new jobs, expanded productivity, increasedliving standards, recreational and intellectual pursuits. Wise policies
can provide the basis for continuance of these desirable objectives."
This reluctance to "tamper" with demand, this tendency to equate
progress in most areas to growth in per capita energy consumption, and the
self-given charge of most power companies in the past of expanding capacityto meet "demand" is part of the cause of our energy problem today. The
Brookhaven and Department of Interior projections (Appendix C) appear tobe typical of the recent approach to projecting energy needs, i.e. project
consumption on the basis of exponential growth (" A Trend is Destiny") and
expand the supply to meet this projection 
- independent of whether it is eco-
nomically, socially or environmentally wise to do so.
The consumption projection presented in Scenario 3 is believed
to be a rational plan for the growth in energy consumption. To allow
Energy consumption to follow the exponential curve is tantamount to
national suicide! A National Energy Policy must provide for a reasonable
control of energy consumption. This policy must include more than just
simple conservation means for reducing the rate of growth in consumption.
To attain the level of consumption recommended in Scenario 3,three things must be done
1. Population growth must be controlled
2. Per capita consumption must be regulated
3. Conservation must be used in all areas
Population growth is already coming under control. The 1972 U.S. popula-
tion was slightly under that projected by the Bureau of Census, Series E
Curves. At this rate by the mid-21st century, the U.S. should reach zeropopulation growth (ZPG).
To control per capita consumption, the Federal Government mustlook at GNP, industrial growth, and increased standard of living as things
that should be planned, not just left to happen. With this type of phi-losophy, a total systems model could be developed by the Federal Govern-
ment to assist in planning all aspects of the economy, not just energy
consumption. All the variables in this complex problem and their inter-
actions must be considered to the fullest degree possible.
To demonstrate that the rate of growth of per capita consumption
can be reduced without "destroying" the economy, the per capita consumption
for 1971 - 1972 was approximately the same as the previous year due to fuel
shortages and as also indicated in Fig. 1-3 for the period 1920-1940, yet
our GNP and industrial output increased in all of these time periods.
Adjustments would have to be made and conservation used to continue this
stabilized per capita consumption rate, but it does raise some questions asto the need for controlled per capita consumption growth to maintain pros-
perity.
7-4. SUPPLY
The quantity of energy required from each source to supply the
consumption projected in the national energy plan (Scenario 3) is discussed
in detail in Chapter 1. Only the more important supply considerations
will be reiterated and expanded here.
The supply considerations of the national energy plan presented
herein are designed to improve our national energy picture and to minimize
societal, economic and environmental disruptions. This is accomplished
mainly by:
1. Minimizing our reliance on imports as soon as possible
2. Eliminating the need for any crash R&D or crash implemen-
tation programs in any of the supply areas
3. Preserving our domestic oil and gas reserves for future
non-fuel uses
The particular allocation of supply that was used was determined from a
systems analysis of the technological, political, societal, economic
and environmental aspects of each of the energy sources and their inter-
actions.
Minimizing reliance on imports contributes to national security,
reduces the international trade deficit, tends to strengthen the economic
position of domestic suppliers of energy and does not require an extremely
expensive program to build deepwater ports for supertankers. Only one
or two ports and a few supertankers need to be built to handle future
import needs. This modest program can save billions of dollars over
that required by exponential growth in energy consumption and its resulting
reliance on Middle East imports.
7-5. RESEARCH AND DEVELOPMENT FUNDING
Even though the proposed national energy plan precludes the need
for a large increase in funds for energy R&D, a moderate increase in R&D
funding is required in all of the energy supply areas for the following
reasons:
1. Too much reliance is being put on nuclear energy to solve
the energy problem in the near future. The technical feas-
ibility and environmental acceptance of the breeder reactor
may require more time than anticipated
2. Even if the technical ana waste disposal problems of the
breeder are solved, it still may not be desirable from an
economic, societal and, particularly, safety point of view
to institute a crash nuclear building program before the
year 2020
3. In the very long-run solar energy may be the only dependable
source of energy, especially if fusion reactors are not per-
fected
7-6. NON-FUEL USES
The use of oil and, to some degree, gas for non-fuel purposes
(plastics, pharmaceuticals, synthetic rubber, asphalt, etc.) is rapidly
increasing. These products are important as there are not presently avail-
able substitute sources from which these products can be made;
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thus, it is essential that our domestic oil and gas reserves be conserved
for this purpose. Obviously it is not possible to cease the use of domes-
tic oil and gas supplies immediately for fuel purposes. By tapering-off
their use to 10 quads each by year 2020, a substantial supply for non-fuel
uses is maintained. Hopefully, this will provide enough time to find new
reserves and to develop techniques for using coal to manufacture these
petrochemical products.
7-7. CONSERVATION
As a large consumer of energy the United States must be concerned
that this energy be produced efficiently and used wisely. The terms "belt-
tightening" and "leak-plugging" are used by the National Bureau of Standards
as the two methods that must be used to moderate energy demand.
Efficiency of Energy Utilization. The topic "efficiency of energy utili-
zation" is often discussed under the heading, "conservation of energy".
The latter terminology has a disadvantage in that it does not really focus
on the major issue. In the thermodynamic sense, there is no energy crisis.
If a crisis exists, it is an entropy crisis. After a given quantity of
energy is used for a certain purpose, that energy still exists. The point
is that it then often exists in a form that is less useful. This being
the case, we should devote much attention to the "productivity" associated
with the utilization of energy.
The flow chart of the overall energy system depicted in Figure7-1 is taken from a recent report which addresses this question from afundamental viewpoint. This report states that the "utilization aspect
of the energy flow pattern has received the least attention of all the
elements in energy technology". It points out further that traditionally,
the measures of energy utilization in an energy-using system have been how
much energy the system uses and the costs associated with this energy. At
this level of description no explicit account is taken of (1) the "quality
or grade" of energy, (2) the "match-up" between supply and demand, (3) the
"cascading or reuse" of energy and (4) the "productivity" of this energy.
Recent publications indicate that a much needed emphasis is
finally being directed toward the area of energy utilization. This is
reflected in two recently issued reports, one prepared by the Department
of Commerce and one by the Office of Emergency Preparedness. A study
conducted by Oak Ridge National Laboratory for the NSF-RANN Program exam-
ined in some detail the economics of thermal insulation in residential
construction.
The three major areas offering possibilities for increased effi-
ciency of energy utilization at the point of consumption are buildings,
industrial processes and transportation. The report prepared by the Na-
tional Bureau of Standards emphasizes the buildings area. However, several
important general remarks regarding "leak-plugging" for industrial processes
are included in the following statements:
"As a general rule, individual items of industrial plant equip-
ment, or indeed entire plants, which represent large long-term
capital investment, are designed to use energy on a cost-effec-
tive basis. In some instances, this means that energy losses
have been minimized, but this is not necessarily the case.
ENERGY SYSTEM
Fuels and Resources
CONSTRAINTS FORCING FUNCTIONS
a) Economics Processing Electric Power a) Population
b) Environmental Impact b) Demand per capita
c) Technology
d) Socio-Political Transmission
e) Resources
Energy Utilization by Energy Using Systems
Figure 7-I. FLOW CHART FOR AN OVERALL ENERGY SYSTEM
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Because of the low costs of energy in the past, it has been often
more economically effective to permit a leak of energy than to
plug it.
"The sometimes conflicting estimates produced by knowledgeable
persons indicate that energy conservation through improvement
of efficiency of industrial processes is the terra incognita
of the energy conservation field."
The major uses for energy in buildings are space heating and
cooling (comfort conditioning) and water heating. Economic considerations
for comfort conditioning equipment in buildings are usually governed by
initial costs. As a result, when combined with the low cost of energy,
high energy consumption has often been designed into buildings and equip-
ment in order to reduce initial costs. Some specific areas for consider-
ation in "leak-plugging" related to comfort conditioning are listed below
in Table 7-1. It has been stated by Dubin [7-1] that a significant
reduction in energy usage is possible.
TABLE 7-1.
SPECIFIC AREAS OF CONSIDERATION
RELATED TO ENERGY UTILIZATION FOR COMFORT
CONDITIONING IN BUILDINGS
o Insulation (walls, ceilings)
o Prevent Excessive Ventilation
o Air Infiltration Rates
o Window Areas (size, location, type)
o Roof Overhangs
o Exterior Surface Finishes
o Building Orientation
o Landscaping (trees, ground texture)
o Underground Construction
o Usage of Illumination
o Techniques and Criteria for Sizing Equipment
o Efficiency of Equipment
o Maintenance of Equipment
Hot water heating accounts for about 4 percent of the total
national energy consumption. Once the hot water is used,the energy it
contains is usually wasted as it goes down the drain. Consideration
should be given to recovering some of this low grade energy by usinq
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heat exchangers for purposes such as preheating of the inlet water to the
hot water heater. However, according to NBS, such techniques may be in
conflict with existing local plumbing codes.
In considering such measures, use of energy in the economy as a
whole should be taken into account. It is useful, therefore, to determine
the energy investment in the materials and products, such as insulation
and heat exchangers, utilized for such purposes. This energy investment
should be compared with the expected energy savings over the life of the
structure. According to NBS, the basic data from which such comparisons
can be made are not now available and should be developed.
It is significant that many of the same considerations involved
in improving the efficiency of present energy utilization in buildings
are also major considerations in the efficient utilization of solar energy
for such purposes. A prime example of this relationship is the emphasis
on increased initial costs relative to fuel costs.
Social Awareness. The first step in effecting a move toward the conser-
vation of energy is making everyone energy conscious, i.e., making every-
one aware that energy is consumed anytime anything is pruduced, processed
or transported. The next step is in making everyone realize any individual
saving, no matter how small, becomes significant when that saving is made
by the entire population.
A specific example of social awareness can be offered in which
two city-owned public utility companies (supplying natural gas and electri-
city) had their gas supply cut 30 percent. Over a relatively short time,
by appealing through the mass media, each company effected a firm 12
percent reduction in the amount of energy demanded by their customers.
Education via mass media, bumper stickers, pins, etc., is one
way of informing the public that they must conserve energy. However, this
education, in all probability, will not become completely effective until
the shortage of fossil fuels is transferred to the consumer via increasing
costs of natural gas, gasoline, fuel oil, etc.
Brochures on energy conservation practices have been prepared by
many corporations and utilities such as Montgomery Ward, Dupont, Honeywell,
Consumer Power (Michigan), Concern, Inc., Owens-Corning Fiberglass and The
Electric Energy Association. Television has been utilized by the petroleum
companies on gasoline conservation and by Alcoa on the small amount of energy
required for recycling as compared to production from raw materials.
A thorough analysis of energy conservation with all of its rami-
fications is presented in Reference 7-2, which was prepared for the U. S.
Senate Committee on Interior and Insular Affairs.
In conclusion,the office of Emergency Preparedness Report [7-3]
estimates that the potential for energy conservation may be as great as
16 percent of the total energy consumption by 1980. This is equivalent 
to
two-thirds (2/3) of the projected oil imports in 1980. It is therefore
imperative that the National Energy Policy stress conservation so that the
potential energy savings may be realized.
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7-8. SUMMARY OF ELEMENTS OF THE NATIONAL ENERGY POLICY
Following is a summary of the main elements of a national energy policy:
1. In accordance with Preisdent Nixon's energy statements, all
of the Federally controlled energy programs should be
brought under a cabinet level position in the Executive
Branch.
2. Any comprehensive, integrated, long-range national energy
policy must consider and control all three areas: consump-
tion, supply and conservation.
3. A national energy policy must not just concern itself with
energy problems, but must reflect a totally interactive
systems approach in handling the economic, societal, polit-
ical, environmental and technical impacts associated with the
energy problem.
4. Whatever policy is decided upon, it should be long range and
have continuity so that not only the government but also
industrial concerns can make more realistic long range plans.
5. A more realistic balance must be struck between energy needs
and environmental goals. Total impact statements and cost-
benefit analyses must be made and objectively evaluated
whenever a conflict arises.
6. Imports of oil and gas must be reduced as soon as possible
in order to (a) improve the self-sufficiency of our national
defenses, (b) reduce the international trade deficit and (c)
strengthen the domestic suppliers of fuels.
7. Nuclear power should not be implemented at the accelerated
rate contemplated until more of its technical, fabrication
and environmental (waste disposal and safety) problems are
solved. More money should be spent on R&D in this area.
8. All energy prices should be freed to find their natural
level in the market place. This,along with more workable
tax incentives,should increase the exploration and pro-
duction of gas and oil.
9. A moderate increase in Federal R&D fundina in all areas of
energy supply is necessary. It is recommended that 160 million
per year be spent over the next 5 years on solar R&Das out-
lined in Chapter 8. Even though 20 Quads of solar power is
suggested for implementation by 2020, it is suggested that
from an R&D point of viewa goal of 40 Quads should be planned
for now. As the year 2020 approaches, new developments in all
energy areas can then be considered to determine more clearly
the goals for solar energy.
10. Develop off-shore oil at an accelerated rate only when less
pollution-prone extraction methods are found.
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11. Speed up the development of coal gasification and liauefac-
tion processes. Since more coal will be used in these sec-
ondary processes and directly under Scenario 3, it is essen-
tial that the environment problems associated with strip-
mining be minimized as soon as possible.
12. Recycling efforts for steel, aluminum, paper, cardboard and
plastics should be encouraged. The energy requirements for
recycling are as low as 10 percent of that required for
processing from the raw material.
7-9. LONG-RANGE PLAN
The planning horizon in this study is 47 years - to the year
2020. A realistic plan for controlling consumption and supply during this
period has been suggested in Scenario 3, Chapter 1. The next question 
is
"what can be said about what needs to be done about the energy supply after
the year 2020?"
If population is held to the Series E Curve, zero population
growth (ZPG) will be reached sometime in the mid-twenty first century.
At this point the distribution of supply,both relatively and absolutely,
will not differ much from the year 2020, as shown in Chapter 1. One of
the following realistic scenarios will probably exist at that time:
1. Fusion reaction will be technically, environmentally and
economically acceptable.
2. Fusion reaction will not be acceptable, but the breeder
reactor will have become very acceptable on all accounts.
3. Nuclear power will still not be environmentally acceptable.
Under the first scenario above, a new policy for expanded, but controlled,
growth can be formulated with less emphasis placed on all other forms
of energy, except solar which will be developed further.
The second scenario would produce the same effect as the first
scenario except that the allowable increase in growth would be slower -
solar still beinq developed further.
In the third scenario above, solar energy would have to be expan-
ded to take more of the load from the fossil fuels so that they would not be
completely depleted. In all of these scenarios, solar power would play a
significant role. It has to do so when one considers that all other 
sources
of energy are very limitedunless fusion power can be harnessed.
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CHAPTER 8. SOLAR ENERGY POTENTIAL
In December of 1972, the NSF/NASA Solar Energy Panel published
their report [8-11] which assessed the potential of solar energy as a
national resource. The state-of-the-art is presented for each of the
eleven concepts presented in that report along with recommendations
for further research and development in these areas.
The solar experts on this panel suggested an R&D program for
each of these concepts in terms of a schedule and cost. The discussion
and recommendations for each concept were considered independent of
the other concepts. That is, an interactive systems approach was not
used to study these concepts and make the recommendations. Hence, no
phased implementation or R&D plan was suggested for integrating the
R&D effort of all these concepts to produce an optimal impact on the
energy problem. In fact, no priority scheme was even proposed to suggest
which concepts could produce the greatest impact at the lowest cost in
the shortest time.
Table 8-1 and Figure 8-1 show the proposed breakdown of R&D
funding for each concept, by year, along with the total funding
required, assuming that R&D on all eleven concepts start simultaneously.
The total R&D budget would be $3.52 billion over a 15-year period. As
can be seen, the first five years, during which time most of the concepts
are going through their feasibility phase, the R&D budget is fairly low -increasing from $56 million to $91 million/year in the fifth year.
Presented in Table 8-2 and Figure 8-2 are the estimated
energy contributions by period for each of the solar concepts, assuming
that the R&D funding for each project was started in 1973. (A linear
fit between data points was made in Figure 8-2 for convenience 
- in
reality the growth probably would be exponential.) The totals, thus
presented, assume that the effects of each concept are additive, which
may not necessarily be true. If all solar concepts proved feasible
and were implemented, which is extremely optimistic, the panel estimated
that 137 Quads of energy could be supplied by the year 2020. These
figures were arrived at considering only the technical feasibility and
not the political, economic, social, and environmental feasibility
and impacts.
Solar Power Development
To obtain 137 Quads of energy from solar devices by the year
2020 would require a major national commitment starting now. From
a total systems point of view (considering consumption and all sources
of energy) two questions arise:
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Table 8-1.
NSFINASA SOLAR ENERGY PANEL PROPOSED R&D FUNDING SCHEDULE
PROPOSED R&D FUNDING BY YEAR (MILLION DOLLARS)
Solar 1 2 3 4 5 6 7 8 9 10 11 12 
13 14 15 Total
A. Thermal Energy for Buildings 9.5 9.5 9.5 9.5
Development 9.5 9.5 9.5 9.5 9. 9. 9 8 4.8 4.
Demonstration 4.8 .8 4.8 4.8 4.8 2
1. Photosynthetic Prod. of Organic 60
Materlal and Hydrogen 
6019
Research 4.75 4.75 4.75 4.7 
23
Development 4.6 4.6 4.6 4.6 4.6 23Pilot Plant 3.6 3.6 3.6 3.6 3.6 
18
b. Combusion of Organic 138
Materials 2
Feasibility Study .66 .66 .66 20
Component Development 4. 4. 4. 4. 4.20
Plot Plant 12. 12. 12. 12. 12. 
60
PilDemonstrati Plant 11.2 11.2 11.2 11.2 11.2 56Demonstration Plant
61
C.* Bioconversion to Methane
System or Laboratory 9
Studies 1.8 1.8 1.8 1.8 1.8 
9
Pilot Plant 3.83 3.83 3.83 3.83 3.83 3.831 23
Demonstration Plant 5.8 .8 5.8 5.8 6.8 29
D.* Pyrolysis to Liquid Fuels 49
System or Laboratory 2
Studies .4 .4 .4 .4 .4 12
Pilot Plant 2. 2. 2. 2. 2. 2. 12
Demonstration Plant
E.* Chemical Reduction to 62
Liquid Fuels
System or Laboratory 3
Studies .6 .6 .6 .6 .6 18
Pilot Plant 3. 3. 3. 3. 3. 3. 
18
PilDmontr Plant 8.2 8.2 8.2 8.2 
8.2 41
Demonstration Plant
1130
F. Thermal Electric Conversion 30
Feasibility and Comp. Devel. 4.28 4.28 4.28 4.28 4.28 4.28 4.28 30
Pilot Plant 14.3 14.3 14.3 14.3 14.3 14.3 14.3 
100
Demonstration Plant 125. 125. 1 125. 125. 
25. 125. 25. 1000
G. Photovoltaic on Buildings 
91
Feasibility Study .33 .33 .33 
1
Technology Development 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5.68 
5.68 85
System Definition 5
Prototype Testing i. I. i. i. 1.
161
H. Photovoltaic Ground Station 2
Feasibility Study .29 .29 .29 .29 .292 9 9 .29
Technology Development 5.68 5.68 5.68 5.68 5.68 5.68 5.68 5. 5.68 5.68 5.68 
5.68 5.68 5.68 5.68 85
System Definition 1. 3 3 1.33 
4
Prototype Testing 7.78 7.78 7.78 7.78 7.78 7.78 
7.78 7.78 7.78 70
528
I. Photovoltaic -pace Station 3
Feasibility Study 1. 1. 1. 
3
Technology Development 9.33 9.33 9.33 9.33 9.33 9.33 9.33 9.33 9.33 
9.33 9.33 9.33 9.33 9.33 9.33 140
System Definition 7.5 7.5 7.5 7.5 7.5 7.5 
45
Prototype Testing 68. 68. 68. 
68. 68. 340
610
J. Wind Energy Conversion 4
Feasibility Study 1.33 1.33 1.33 96
Component Development 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 
20
Pilot Plant 4. 4. 4. 4. 4. 20
Demonstration Plant 98. 98. 98. 98. 98. 
490
K. Ocean Thermal Gradient 530
Feasibility Study .66 .66 .66 4
Component Development 8.6 8.6 8.6 8.6 8.6 
43
Pilot Plant 1. 11. 1. 11. 
11. 55
Dmonstration Plant 
86. 86. 86. 86. 430
emonstration 
TOTAL 55.89 6Q.49 60.49 88.41 91.16 105.59 131.77 351.53 324.43 24.43 469.50 
437.67 39.67 339.67 339.67 520
* Estimated schedule, since no clear schedule was given.
NOT REPRODUCIBLE
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Figure 8-1 R&D FUNDING FOR SOLAR ENERGY
NSF/NASA REPORT
TABLE 8-2. NSF/NASA SOLAR ENERGY APPLICATIONS PROJECTIONS1
Energy Produced2 (1015 Btu)
System 1985 2000 2020
Thermal Energy for Buildings .17 2.1 10.5
Conversion of Organics to Fuel or Energy
Combustion of Organic Matter .76 16.0
Bioconversion to Methane .27 3.1 12.3
Pyrolysis to Liquid Fuels - .63 8.0
Chemical Reduction to Liquid Fuels .63 8.0
Electric Power Generation 76 8.0
Thermal Conversion
Photovol taic .75 10.5
Systems on Buildings .76 10.5
Ground Stations - .76 16.0
Space Stations - .76 16.0
Wind Energy Conversion .76 16.0
Ocean Thermal Difference - .76 16.0
Total 3  .44 11.77 137.30
1. NSF/NASA Solar Energy Panel Report, Dec. 1972.
2. Assuming the R&D effort in all systems proposed in the report are started 
now
and all are successful.
3. Assumes that the energy effect of all these systems is additive.
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1) What are the impacts of this large solar commitment on
the political, economic, social, and environmental
aspects of the U. S.?
2) Is this much solar energy desired or required, even if
the detrimental impacts of generating it are small?
The impacts of attempting to obtain 137 Quads of solar energy
by the year 2020 would be as follows:
o The R&D funding of solar energy over the next 15 years
would be at least $3.52 billion or an average of $235
million per year, which is 20 times the present funding
rate (it should be pointed out that the greatest portion
of the R&D money is in demonstration projects which come
toward the end of the concepts development). Without
making a supply of new R&D funds available, other energy
R&D programs would have to be cut back drastically.
o The amount of natural resources required to build what is
required here is significant. (In Chapter 5, the amount
of material required to supply just the solar devices for
home heating and cooling is shown to be great.
o The basic metals, glass, and fabrication industries would
have to increase their capacities considerably to produce
what is required over a 47 year period.
Table 8-3 supports the last two impacts just presented as
can be seen, the number of energy plants required and the land area
required to produce the projected 137 Quads of energy by 2020 is
overwhelming and would preclude all concepts being implemented. This
limitation would therefore drop the potential considerably below the
137 Quads level.
The second question above is best answered by considering
the "National Energy Policy" in Chapter 7. Using proper consumption
planning and taking a systems approach to supply, it appears that only
about 20 Quads of solar energy need be supplied by the year 2020. This
amount of energy obviously will be much easier to attain than 137
Quads. How much solarenergywill actually be required or desired will
be mainly a function of our ability to control consumption and whether
the breeder reactor is technically, economically and environmentally
viable.
Because of the uncertainty of the energy consumption/supply
situation in 2020 a goal of having the capability of producing more
than 20 Quads from solar devices should be established. In Chapter 7,
this goal was set at 40 Quads. To attain this goal as painlessly as
possible by 2020, those solar concepts which show the most promise
should be funded earlier and to a larger extent than those which show
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TABLE 8-3 ESTIMATED IMPACT OF SOLAR CONCEPTS1
1985 2000 2020Thermal Edergy for Buildings
No. of new homes with thermal
collectors (% of total starts) 
.22xl0 6 (10%) 1.16x10 6 (50%) 2.28x10 6 (85%)Photosynthetic Production of Organic
Material
Eas ly collect ble organic wastes
(10 tons/yr.) 5-7 5-8 6-9Land and water plant forms(107 tons/yr.) 3  20-35 215-360Combustion of organic matter
No. of 1 G. W. (Gigawatt) electric power
stations (steam) 19 390Bioconversion to methane
No. of 1000 ton/day conversion plants 61 692 2770Pyrolysis to liquid fuels
No. of 2000 ton/day conversion plants 
- 72 900Chemical Reduction to liquid fuels
No. of 1000 ton/day conversion plants 
- 143 1800Electric Thermal Conversion
Land area required (square miles) 
- 185 2000Photovoltaic Building Systems
No. of new homes with solar collectors4  
- 1.16x10 6  2.28x10 6
Photovoltaic ground stations
Land area required (square miles) 
- 300 3000Photovoltaic space stations
No. of 10 G.W. space stations 2 39Wind Energy Conversion
No. of 100 mw (Megawatt) wind generators 
- 185 3900Ocean Thermal Difference
No. of 400 mw ocean stations 46 975
1. Derived from information contained in the NSF/NASA Solar Energy Panel Report.
2. The present, readily available 4-6 x 107 tons/year of human and animal
organic wastes are assumed to grow linearly with population (series E).
3. This is the amount of material that would have to be grown (over and above thatprovided by organic wastes) to supply the next four processes withenough input energy to produce their projected output.
4. It is implied in the NSF/NASA reoort that houses with thermal collectorsfrom year 2000 will also have photovoltaic panels.
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less promise. Unfortunately, most of these concepts have not been
developed enough to determine a proper priority system for phasing
the R&D effort to get the optimal impact. (The only concept that
presently has "commercial readiness," according to the NSF/NASA report,
is the heating of buildings, and this is not yet economically competitive
with fossil fuels.)
The Federal Government should therefore give initial R&D
funding to each of the 11 concepts (plus the attendant photosynthesis
concept). Each of these projects should be funded to take them at least
through the feasibility stage, as shown in Figure 8-1. This would
require $300 million over a five-year period. At the end of this
time, a decision could be made more intelligently as to the
priority and subsequent funding to be given each concept. Once this
point is reached, then a phased R&D and implementation plan can be
developed.
The energy displacement potential of solar energy therefore
lies between a maximum of 137 Quads for all eleven solar energy concepts
and a probable low bound of 20 Quads which is a very conservative
estimate. This low bound figure of 20 Quads appears to be deceptively
small but when it is put into the perspective that it is over 10% of the total
energy requirement of scenario 3 by the year 2020 it takes on much
greater significance.
It is realized by the authors that many factors other than
technical feasibility will influence the acceptance of solar energy
by the American people. It will be these other factors which will
greatly determine the "realistic potential" of solar energy in the
decades to come.
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CHAPTER 9. IMPACTS OF SOLAR ENERGY UTILIZATION
9-1 INTRODUCTION
Recent history serves well to emphasize the necessity of consid-
ering a priori the societal ramifications of any technological innovation,
breakthrough or notable advancement. Examples of recent technological
achievements and their accompanying adverse societal aspects are: the
advent of electronic digital computation and its accompanying "invasion
of privacy" aspect and the development of oral contraceptives and the
associated "juvenile moral influence". A long list accounting the history
of the "technology explosion" and related societal consequences could be
developed. Devastating effects or consequences of technological accom-
plishments are depicted by authors such as Toffler [9-1], Kahn [9-2],
and Schwartz [9-3], among a host. They foretell of a future society vic-
timized by the ravishment of technology. On a much lower dynamic scale,
it can also be pointed out that, in many cases, the benefits of techno-
logical advancement to mankind have not been maximized, moreover certain
existing undesirable conditions have been exacerbated.
As a result of first-hand observations of societal disruptions
and of a growing denouncement of "technology for the sake of technology",
a keener sensitivity has been developed; an awareness of the importance
of attempting to assess the impact of a new or extended technology on
society currently exits. It is recognized that projected societal impacts
can supply a valuable feedback into a primarily technological system de-
velopment model, and consequently play an important role in providing a
trade-off in the optimum design of the end product. There would be a
substantial prophylatic value in doing no more than identifying the diff-
iculties, or pointing out the inherent associated problems, but identifi-
cation of problem areas alone falls short of providing the maximum possible
societal benefits.
With the widespread realization of the import of technology
assessment has come the logical initial development of a methodology of
technology assessment. A sound approach which has been employed in the
development of a methodology is one which uses retrospective analysis
of recent technological innovations and accompanying societal impacts
[9-4, 9-5]. In these references space exploration and computer-communi-
cations networks, among other technologies, are explored extensively
relative to their unanticipated side effects.
Conceivably, there should exist a quantitative means of relating
the different societal impact areas (political,environmental, psychologi-
cal, social) to each other, as well as to the technology. This would imply
the applicability of a systems approach, with transfer functions and
weighting factors, resulting in a mathematical model which could incorpor-
ate a direct trade-off among conflicting design considerations. However,
there are no quantitative transfer functions relating the various impact
areas, or, if they exist,the methodology of technology assessment is not
sufficiently developed at this point to mathematically quantify impact
area interractions.
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There are methods of sampling and analysis (opinion surveys:
Appendix D , the Delphi method, pairing techniques, etc.) which yield
numerical values relative to certain aspects of societal acceptance of a
new and radically different product or process; but, there exists an in-
finitely large number of considerations which should constitute parameters
in a systems model of societal impact which would have any pretense of
completeness, and which therefore would have an acceptable measure of reli-
ability. Therefore, it is a presently accepted fact that the formulation
of such a mathematical model is unrealistic and that efforts to develop
such a model are impractical.
In line with the state-of-the-art in technology assessment, the
major focus is then placed on identifying probable/possible specific im-
pacts (through such techniques as opinion surveys, brainstorming, scen-
arios, etc.) which may fall within one or all of the designated impact
areas, as the interrelationships graphically illustrated in Figure 9-1.
Resulting specific impacts, which may be common to a number of the desig-
nated impact areas, thus provide interactive relationships between impact
areas. An attempt is then made to determine the magnitude of these im-
pacts, somewhere along the scale: large to small; or perhaps only to the
extent: large or small.
The development of scenarios holds the promise of being a major
contribution to technological planning. The effectiveness of this tech-
nique lies in demanding consideration of the best course of technological
activity in view of a range of future possibilities [9-6]. Two popular
methods of scenario development are: 1) to extend trends, determine
thresholds at which social conditions will halt or alter these trends,
and consider the resulting scenario, and 2) consider five environments
(technical, social, economic, political and ecological) as related to
competitive conditions and internal organizational developments; extreme
and more probable events in each area are then selected from current
literature and speculations of knowledgeable people.
When the foregoing identification and assessment processes are
extended to the point of "acceptable" completion, trade-offs are made and
the results are formulated into policy statements. The assessment of a
technology can encompass one or more of the following results:
1) Identification of unexpected desirable/undesirable conse-
quences
2) Identification of regulatory or other control measures
3) Identification of feasible corrective measures to minimize
negative effects
4) Modification of the technology in order to reduce disben-
efits or to increase benefits
5) Encouragement of the development of a technology into new
areas to exploit anticipated benefits
6) Prevention of the technology from developing
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ENV I RONMENTAL POLITICAL
PSYCHOLOG I CAISOC I AL
Figure 9-1 MODEL OF IMPACT INTERACTIONS
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In order to test the impact "evaluation criteria", a number of
examples of the application of the technology can be assessed. From this
testing of the impact analysis, new considerations may appear. Thus, the
impact analysis is logically concluded only after a number of iterations.
The foregoing brief discussion of technology assessment is a
necessary introduction to a consideration of the impacts of the imple-
mentation of solar energy. In the following sections, solar energy will
be considered as a candidate for assessment in the political, environ-
mental and psychological/social areas based upon the effects of its im-
plementation upon:
1) Industry 7) Health & Safety
2) Government Structure 8) Housing Policy
3) Balance of Trade 9) Maintenance & Labor
4) Lifestyles 10) National Security
5) Resources 11) Architecture & Design
6) Land Use
9-2 POLITICAL
The implementation of solar energy into American society will
most certainly impinge upon the nation's political structure. In fact,
it may well be in the general area of "politics" where future solar energy
utilization will have the most drastic impacts and consequences. A brief
examination of the functional interrelationships between the American
political structure and the energy business system will properly orient
this section.
Industry. Many Americans operate under the fallacious assumption that
public policy is initiated by the American political structure (i.e., the
President, the Congress, governors, state legislators, etc.). Actually,
political actors are more "reflectors" of social change, rather than
initiators of it [9-7]. They respond to the demands and interests of
private groups and individuals in their public policy determination
decisions [9-8]. This is not to say that politicians are not important
actors in the public policy process, because they certainly are. It is
to say, however, that elected political officials fill intermediate links
while administrators (bureaucrats) fill final links in the policy process.
Much of the philosophy and substance of policy decisions is formulated
well before bills ever reach the floor of the legislature or the desk of
the executive.
So, public policy initiation often begins with the policy de-
mands and requests of citizen interest groups and individual citizens.
But linkages among the policy desires of public constituencies and poli-
tical decision-makers' behavior are, at best, uncertain. Warren E. Miller
and Donald K. Stokes, for example, have found that only in the issue area
of civil rights does a significant relationship exist between constituency
opinions and congressional voting behavior [9-9]. On an economic welfare
scale, the ralationship was weak, and on the question of American foreign
involvement, it was virtually non-existent. Moreover, the representation-
al relationship is further complicated as the structure of belief systems
among the mass public is diffuse and does not conform to an unidimensional
scale [9-10].
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Thus, the question arises: "if not mass public beliefs, then
what?" In other words, if political actors do not (or perhaps more
appropriately, cannot) base their decision-making behavior upon public
attitudes and demands because of, among other things, their lack of simple
structure, then how can they ever hope to fulfill the requisites of rep-
resentativeness? This introduces the political vote of vested interestgroups.
Vested interest groups, because of their heavy monetary support,
close proximity to political decision-makers, and general level of accept-
ance by decision-makers, provide significant inputs for the policy making
process. While interest groups do not always desire identical policy goals
for the same issue area, they do offer the politician a less complex pic-
ture of the viable alternatives within the area. Moreover, their claims
of representativeness of citizen desires do not fall upon deafness in the
chambers of government.
In the energy area, interest groups can be sub-divided into
several major types:
1. Government owned utility companies (e.g., Tennessee Valley
Authority)
2. Investor-owned utility companies (e.g., Consolidated Edison,
Houston Light and Power Company)
3. Petroleum product companies (e.g., Standard Oil of New
Jersey, Texaco, El Paso Natural Gas)
4. Coal producers (e.g. Consolidated Coal Company)
5. Energy producing equipment suppliers (e.g., Westinghouse,
General Electric)
6. Owners of energy producing land areas
7. Government conservation agencies and groups (e.g., Environ-
mental Protection Agency)
8. Private conservation groups (e.g., Sierra Club)
Additionally, several of these organizations are among the ma-jor financial enterprises in America. According to a 1964 survey of the500 largest industrial corporations in the United States, for example [9-11],
1. Of the 10 corporations with the largest total assets, 7 are
petroleum product companies.
2. Of the 20 corporations with the largest total assets, 7 are
petroleum product companies, 2 are utility companies, and1 is an energy producing equipment supplier.
3. Of the 50 corporations with the largest total assets, 12
are petroleum product companies, 8 are utility companies,
and 3 are energy producing equipment suppliers
9-6
4. Of the 100 corporations with the largest total assets, 18
are petroleum product companies, 17 are utility companies,
and 4 are energy producing equipment suppliers.
Finally, the five largest corporations (American Telephone and
Telegraph, Standard Oil of New Jersey, General Motors, Ford Motors, and
United States Steel) lay claim to greater than 12 percent of all assets
in the United States. While all five of these industrial giants are
certainly involved in the energy picture as either major producers or
consumers, the future of three of the five (Standard Oil of New Jersey,
General Motors, and Ford Motors) are directly related to the status of
petroleum products in America. Recent investigations have concluded that
these three corporations have combined revenues which are greater than
the combined revenues of the fifty American States, and the revenues of
General Motors alone during the mid-1960s were 50 times greater than those
of Nevada, eight times greater than those of New York, and nearly 1/5
times those of the Federal Government [9-12].
Hence, any new energy technological application (e.g., solar
energy) will have to consider the dispositions of these vested interests
toward that application. A phasing in/out process should come to an early
appreciation of the extent of political influence which the major energy
related interests can mobolize. An attempt, for example, to develop a
phasing-in scheme which would phase-out or severely limit the operations
of these interests is almost certain to fail politically.
Government Structure. The unique brand of American federalism makes
political and administrative decision-making a complex, intricate and
often frustrating process. According to the popular notion of the Ameri-
can federal structure, political decision-making is visualized as a two-
layer arrangement between Washington, D.C., and the fifty state capitals.
A more realistic and practical view, however, has been proposed by Morton
Grodzins. Grodzins' "marble cake" theory argues:
"An accurate image is the rainbow or marble cake, characterized
by an inseparable mingling of differently colored ingredients,
the colors appearing in vertical and diagonal strands and un-
expected wherts. As colors are mixed in the marble cake, so
functions are mixed in the American federal system" [9-13].
Thus, the "new federalism" of the twentieth century is essen-
tially a cooperative effort between the national government and the states,
as it normally involves "voluntary compliance" [9-14] and administrative
responsibilities by the state governments, rather than mandatory accept-
ance.
American government and politics, however, practically involves
an additional level of consideration -- the local level (i.e., counties,
municipalities, etc.). But counties and cities have no constitutional
status within the American federal system. They are subordinate both
constitutionally and legally to the state in which they are located. Yet
greater than 70 percent of all Americans reside in urban areas in the
1970s, and most desire some degree of control over the political and ad-
ministrative decisions which affect their daily activities. This is the
paradox of American federalism. Governmental power is at least once
(state government), and usually twice (national government), removed from
the masses of people who, according to democratic theory, govern.
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Hence, any scheme which is realistically geared toward the im-
plementation of new energy sources and technology (e.g., solar energy)into American society should consider the unique interrelationships ofthe American federal structure. It is not enough, for example, to argue
that a solar energy policy must (1) be passed in bill form by the Congress,(2) be signed into law by the President, and (3) be determined as consti-
tutional by the Supreme Court should it become involved in a legal dispute.A solar energy policy will also require administrative inputs from national,
state, and local bureaucrats. It will involve political inputs from both
state and local political officials.
To a great extent, the nature and direction of state and local
administrative and political inputs into the implementation of a solar
energy policy will be determined by the economic base of the sub-national
area. Especially in those areas where coal production (see Figure 9-2),petroleum product production (see Figure 9-3), and natural gas production(see Figure 9-4) are heavy, one should not expect an immediate and stronglypositive acceptance of any plan for wide-spread solar energy implementationby the state and local political forces. Only until solar energy can be
shown to complement these energy (fossil fuel) related economies are thepolitical actors likely to endorse and actively support its implementation
and utilization to any considerable degree.
This should not be taken as a statement that solar energy is apolitically unwise and inexpedient concern throughout the American States,however. To the contrary, as Figure 9-5 demonstrates, almost one-half (24)
of the states have no significant amounts of fossil fuel production withintheir boundaries. These political units are heavily dependent upon the
twenty-six fossil fuel producing states and upon foreign imports to satisfythe energy needs of their citizens and their industries. The political
market for new energy sources within these states should be quite receptive.
Many of these states are within the best areas in the UnitedStates for solar resources. The South Atlantic Coastal States of North
Carolina, South Carolina, Georgia, and Florida and the Western States ofArizona and Nevada, for examples, are in the non-fossil fuel producing
category.
Finally, even among some of the twenty-six producing states,potential political receptivity of solar energy might be expected. AsFigure 9-5 illustrates, only four states (Texas, Louisiana, California,
and West Virginia) had over $1,000,000,000 worth of fossil fuel productionin 1971 and only five more (Oklahoma, Kentucky, Pennsylvania, Wyoming, andNew Mexico) had over $500,000,000 worth. In the remaining seventeen states,fossil fuel production contributes a much smaller share of the state's econ-
omy. It is in these areas where a well planned scheme of complementary
solar energy utilization may be politically acceptable.
But in the long run, the energy problem involves serious national
considerations. So, much of the motivation behind the development of new
energy resources and technology must come from the national level of gov-
ernment. Already in 1973, for example, an Energy Policy Committee headedby former Governor John A. Love of Colorado, has been created by President
Richard M. Nixon. The committee has been delegated cabinet level status
and is oriented in theory toward offering alternative solutions to the
"national energy crisis."
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In Congress, numerous resolutions and bills have recently been
introduced which refer directly to the establishment of a national energy
policy. House Resolution (H.R.) 1894, for example, proposes the estab-
lishment of a Commission on Fuels and Energy which would have the author-
ity "to recommend programs and policies intended to insure, through
maximum use of indigenous resources, that the United States requirements
for low-cost energy be met, and to reconcile environmental quality require-
ments with future energy needs." [9-15]. Perhaps the most sweeping bill on
the energy matter to be introduced into the Congress to date, however, is
S.70 which calls for the establishment of a Council on Energy Policy. That,
among other things, could have the authority to "coordinate all energy ac-
tivities." [9-16]
Individual congressmen have also been quite vocal lately in their
discussions of the national energy problem. During early July, 1973, a
representative of the Auburn Design Group wrote to all United States Rep-
resentatives, Appendix D . The letter requested that the congressman ex-
press his opinions on the national "energy crisis" and on the possibility
of solar energy being utilized to help solve the crisis. Because of the
time limitations of the Auburn Design Program, only 25 Senators and 29
Representatives had responded to the letter by the termination of the pro-
gram. While the data is restricted because of low response (25.0 percent
for Senators and 12.8 percent for Representatives), it is helpful in that
it identifies potential response trends on the questions of the energy
crisis and solar energy utilization among national political figures.
As Table 9-1 illustrates, one-fourth (25.0 percent) of all con-
gressmen responding to the inquiry had a very favorable attitude toward
the potential for solar energy applications. Representative John N.
"Happy" Camp of Oklahoma, for example, wrote that "solar energy is one of
the more viable alternatives in terms of a major power source." Senator
Lowell Weiker, Jr., of Connecticut substantiated this opinion with his
comment that "solar energy . . . (is) probably the cheapest and most
efficient means of providing new energy sources." Finally, Senator Hubert
H. Humphrey of Minnesota felt "convinced that the current level of invest-
ment in solar energy research and development is totally inadequate."
Almost one/half (47.7 percent) of the congressmen saw solar
energy as a possible but long-term alternative to the energy crisis.
Representative Romano L. Mazzoli of Kentucky probably best illustrates
this feeling with the response,"although solar energy may help to provide
an adequate energy source in the future, I have not seen any indications
that it will be able to significantly alleviate the energy crisis of the
present and immediate future." Senator Bill Brock of Tennessee wrote that,
"in all probability its (solar energy) widespread use still remains beyond
the immediate time."
An additional one-fourth (25.0 percent) of the respondents viewed
the energy shortage as a crisis situation, but made no written mention of
the potential for solar energy. Finally, one congressman--John G. Dowen
of Texas--saw no application for solar energy before the turn of the cen-
tury. Moreover, Senator Dowen stated that "The current energy crisis will
be solved by petroleum."
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TABLE 9-1
CONGRESSMENS' RESPONSE ON THE POTENTIAL
FOR SOLAR ENERGY
U.S. Senators U.S. Representatives Total
Response No. Percent No. Percent No. Percent
Very Favorable 8 32.0 3 15.8 11 25.0
Possible But
Long Term 11 44.0 10 52.6 21 47.7
Energy Crisis
Bad, But No
Mention of
Solar Energy 5 20.0 6 31.6 11 25.0
No Potential 1 4.0 0 0.0 1 2.3
25 100.0 19 100.0 44 100.0
9-14
From these responses it appears that political factors at
the national level of government are at least beginning to develop an
awareness of the energy problems facing the United States. A rather wide
spread level of support for solar energy applications among many of these
actors in the future seems at least possible.
Balance of Trade. Certainly, one of the major political and economic cir-
cumstances involved in the current energy crisis is the balance of trade
problem. The United States' portion in the balance of trade picture is
worsened by its continual and increasing dependence upon foreign imports
of petroleum products.
Political power and economic power are tied closely together.
The middle Eastern countries are particularly aware of the relationship.
During 1972, for example, "Arab leaders made no fewer than fifteen
public threats to use oil as a political weapon against their enemies." [9-17].
In a word, the Arabs have threatened to delete their exports of petroleum
to the United States because of the U.S.'s support of Israel.
A thorough implementation of solar energy resources would indeed
help to alleviate this long-term situation by reducing the level of Ameri-
can dependence upon Middle Eastern petroleum products. This provides an
additional rationale for the utilization of solar energy.
Lifestyles. The political decision-making process ultimately involves
the public. Democratic theory is oriented directly toward the public
selectors of political office holders and as constituencies to be repre-
sented in the public policy making process. Thus, public attitudes and pub-
lic opinion, both of which are strongly associated with the lifestyles of
people [9-18],are crutial considerations for the implementation and appli-
cation of a new energy technology.
During July, 1973, the Harris Poll conducted a nationwide sample
survey of 1,537 households. The survey was designed to ascertain the
public's (1) view of the seriousness of the current energy crisis, and
(2) evaluations of the probable causes and results of the crisis [9-19].
The poll indicated that a substantial proportion (77 percent) "of the
American people take the 'energy crisis' as a 'serious' matter" (Table 9-2).
When asked to evaluate the causes and results of the crisis, a large num-
ber of responses were offered. These are contained in Table 9-3. In a
word, the public expects a sharp rise in the costs of fuel in the future
and a growing dependence upon foreign imports. Almost one-half (40 percent)
also felt that gasoline might have to be rationed before the end of the
summer of 1973. It is also highly significant that 52 percent of the
sample saw American "know-how" as "so good" that the U.S. will be able to
fulfill its future energy demands" without a lot of trouble." Finally, an
additional 49 percent of those interviewed did not believe that the public
will be willing to conserve its use of energy,and greater than two in five
(43 percent) did not feel that the federal government is competent to solve
the current crisis.
As with any potential technological advance, there is apparently
a void of public opinion on the specific question of solar energy. Thus,
it must be created. The public opinion formation process involves five
basic stages: (1) the identification of some problem area by a number of
people, (2) the recognition of the problem area as important by these peo-
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TABLE 9-2*
HOW SERIOUS IS THE ENERGY CRISIS?
Response in Sample of Sample
Very serious 722 47
Only somewhat serious 461 30
Not very serious 246 16
Not sure 108 7
Total 1537 100
*Adapted from the Harris Poll of July, 1973.
ple, (3) the discussion of the problem area, (4) the development of alter-
native solutions and the narrowing of alternatives, and (5) the mobiliza-tion of the opinion in order to affect the final policy either through
majority vote or by leadership assessment of the public opinion [9-20].
Thus, the creation of favorable public opinion toward solar energyapplication and utilization would require a number of actions. First, thepublic must be made aware of the energy problem. Second, politicians, the
mass media, social and economic agencies, etc. must make the public aware
of the significance and extent of the energy problem. Third, there shouldbe a full disclosure of the various factors involved in energy production,
supply, and consumption. Fourth, the various alternatives toward solvingthe problem (Alaskan pipeline, nuclear breeder, coal liquification, SSPS,
Meinel central power plant, etc.) must be presented to the public. Fifth,the advantages and disadvantages of each alternative must be thoroughlypresented. Sixth, should a variety of solar energy be the "best" approach,it should'be identified as such. Seventh, the public must elect politicalofficials who are aware of the alternative, and after elected, those offi-
cials must implement the alternative as public policy.
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TABLE 9-3 *
THE PUBLIC'S EVALUATION OF THE ENERGY CRISIS
Response Agree Disagree Not Sure% % %
Reasons why crisis is serious
Cost of gasoline, heating, air
conditioning going to rise
sharply 75 13 12
U.S. running out of oil and
natural gas and will have to
depend on imports 51 36 13
Might have to ration gas before
end of summer 49 33 18
Soon there will be a lot of
brown-outs and power failures 39 43 18
Reasons why crisis is not serious
U.S. will find enough energy to
meet our needs 52 33 15
Most people will be willing to
use less air conditioning, less
heating and drive cars less 39 49 12
Federal government will not
allow crisis to take place 35 43 22
Fuel and electricity have
always been cheap in U.S.
and will remain so 25 64 11
* Adapted from the Harris Poll of July,1 973.
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9-3 ENVIRONMENTAL
As man's standard of living rises so do his demands for energy.When these demands are coupled with an increasing population, the expo-
nential increase in energy demand can outstrip energy availability. Thisis shown in Chapters 1 and 2 to be a possibility.
Unfortunately, in converting natural resources to the energyforms that are demanded, inherent wastes of energy and material result inever pressing pollution problems. These problems make imperitive the
evaluation of the environmental impacts of any program that significantlydisturbs the face of the earth, before the program is implemented.
Resources. All endeavors require an investment of resources. Space ex-ploration, Columbus' voyage, elevated modes of living, food production,
etc. have been, or are being, allocated a portion of the resources of
earth and man. The benefits derived in the future from such projects
must be carefully weighed against their costs. Resulting societal bene-fits may not be entirely material in nature, but may appeal only to the
aesthetic value of man. Inevitably, most projects attain a state wherethe return is insufficient to justify further consumption of resources.
Solar energy utilization does not appear to be of this character.In regard to man's existence on earth, solar energy is an inexhaustible
supply of energy. Materials and other resources committed to the appli-
cation of solar energy for the use of man are not dedicated to short-livedprocesses, such as oil and natural gas production.
It should be noted that the use of any fuel necessarily requiresthe production of associated suitable hardware. The development of suchhardware often has been relatively slow, responding to increasing new and
additional fuel demands or needs. Often scant attention has been given to
secondary consequences of this dedication of materials and resources. Forexample, the evolution of a mobile society has spawned corporations devoted
solely to the production of the automobile and its associated components.
The rubber, asphalt, steel, et al, industries all orchestrate for this one
mode of transportation. Societal impacts of these industries: pollution,
energy consumption, jobs, etc., should be accrued to the automobile. Sim-ilar coordination of industrial efforts and their associated impacts willprobably be necessary to utilize solar energy.
Solar heating and cooling may require investments of rather largeamounts of copper, aluminum, transport fluids, storage materials and hous-ing insulation. Material commitment to central solar collection facilities
and satellite stations probably will also be quite large. Such commitments
need to be made now if future generations are to have some probability of acomfortable lifestyle. Finite fossil fuels must not be depleted before
such a commitment is made to use an inexhaustible energy resource - thesun.
This aspect should prevail in any plan of action or energy man-
agement scheme. Energy problems should be resolved with the primary in-tent (possibly the only intent) of insuring the continuation of man on
earth. Needless and irresponsible consumption of resources can only leadto future crisis situations.
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Land Use. Due to the low intensity of power in solar enerqy methods of
collection and storage land use is naturally of major concern. Both
items have a substantial effect on the utilization of solar energy. In
an economic sense, these two factors may be the greatest barrier to the
short-term use of solar energy. As the cost of collectors and storage
systems is decreased by mass production techniques, further consideration
must be given to their integration into society on a physical basis.
The three solar systems commonly proposed are: heating and
cooling, central solar collection facilities and satellite collection
with subsequent transmittal to central stations. These proposals can be
categorized on the basis of the point of interception and collection of
the solar insolation. Heating and cooling applications as applied to in-
dividual dwelling units are by nature dispersed over a wide area. The
question of land use disruptions is not as pressing in heating and cool-
ing applications if skyscraper condominiums are not considered. Central
solar collection facilities (thermal or photovoltaic) and satellite col-
lection and transmission requires the dedication of blocks of land areas
for each installation.
The importance of land utilization is becoming more critical
every day. Significant disruptions already have occurred in this decade
due to the structuring of our transportation requirements around indivi-
dual units -Othe automobile and its requirement of highway systems. The
world has only eight billion arable acres of land with an associated eight
billion acres of potential grazing land [9-21]. Approximately three and
one half billion are presently under cultivation. This restriction of
land for food production places an upper limit on world population. The
maximum population which can be supported has been estimated to be approx-
imately eight billion (2.5 times the 1971 population [9-21]. As the pop-
ulation increases toward this limit, more of the energy resources must be
applied to meeting the caloric requirements (food) of man. Man does not
live by bread alone, but he does not live without it either. Perhaps, it
is in this light that long range projects should be considered.
The aim of most proposed central solar collection facilities is
the production of electrical power. At the present time, the facilities
which convert energy via steam-turbine generators (thermal systems) appear
to be the most likely initial step. This primarily is due to the diffi-
culties and cost in the mass production of photovoltaic units. Electrical
energy requirements have been estimated to be 1880 gigawatts in the year
2000. If this were met solely by central solar collection thermal facil-
ities, approximately 4.5 x 10/ acres would be required for the collector
installations based on 37 square miles for a 10 gigawatt plant [9-22].
Earth receivers for microwave transmission from a solar satellite are es-
timated to require 17.33 square miles each [9-23]. In order to supply
the same projected demand in the year 2000, a total of 2.1 x 106 acres
will be required. In addition, this figure does not include he land
commitment to produce the energy and materials for the 2 x 10 shuttle
launches [9-24] which would be necessary to build the required 188 10-
gigawatt satellite stations. Based on the efficiences of collection
and transmission and the proposed satellite collector grea, earth photo-
voltaic installations would necessitate using 2.2 x 10' acres to meet the
year 2000 projected demand. An 89 percent reduction in from-space-to-earth
insolation was assumed [9-25].
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Other factors also must be considered if electrical power gen-
eration from solar energy is to be successful. New transmission lines
will have to be built if the collector facilities are in locations of thegreatest insolation. These areas, the Southwestern United States, are
considerably displaced from some major population concentrations, e.g.,
the Northeast Corridor.
Unless a cheap innovative means of power transmission is devel-
oped, electrical generation from solar energy may be less than desired.
Shifts of industry and population to regions of greatest insolation, to
minimize transmission losses, may likewise prove not to be acceptable.
The converse alternative, locating the facilities close to population
centers, will require the reallocation of more valuable land and may re-duce the capacity of the facility due to decreased insolation. Decreases
of insolation may occur not only from variations of geographic locations
on the globe, but also from variations in pollutant levels.
In the future, the balance between societal desires and needs
will become more crucial than today's problems. A proper allotment of thelimited resources of earth will become increasingly more important. This
issue will concern all resources, land, manpower, energy, etc.
Health and Safety. Generally, solar and nuclear energy are accepted to be
the only high potential long-range energy resources. The entire future of
nuclear energy appears to be immersed in a quagmire of serious problems,
any one of which may limit the existence of man. The overriding issue is
the release of radioactivity, either on a phased schedule or by some cata-
stophic event. The problem of phased releases boils down to the question
of - is low-level radioactivity generally harmful to man? This question
can be phrased from another position - is low-level radioactivity generally
beneficial to man? The answer to this issue is not entirely clear at
this time, especially in regard to long-range genetic effects. Historically,
man's use of intensive energy sources has been accompanied by adverse
side effects, e.g., concentrated explosives, nuclear warheads. In light
of these issues, a solar oriented society should be pursued as opposed to
the concept of a society based on nuclear power.
In general there appear to be few serious health and safety
problems associated with the use of solar energy in comparison to alter-
nate energy resources. However, it is the intent of this section to indi-
cate possible areas of concern.
Two primary problem areas exist in solar heating and cooling in
buildings: utilized material effects and degree of concentration effects.
If glass is a major material necessary to the utilization of solar energy,
reflection and breakage factors can not be discounted. If entire build-
ing walls are glassed for heat collection, open areas must be provided to
gain access to the insolation. Correspondingly, such open areas could
possibly prove to be a hinderance to pedestrian and automobile traffic.
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Long duration exposure to the reflected rays of the sun could also lead to
damage of the optic nerve. In addition, the possibility of physical burns
exists when concentrating collectors are utilized. Since concentrating
collectors inherently require less space than flat plate collectors, the
protection or isolation of these devices should prove to be no greater
a problem than the isolation of present day electrical power devices.
In all probability, central solar collection stations can be
sited to minimize the probability of injuries. On the other hand,
additional problems may be incurred with the installation of large solar
collection facilities. Local changes in the microclimate of the stations
may occur. Affects on the local wildlife and other ecosystems also are
possible.
The use of microwaves for transmission of power, either from a
space satellite or ground stations introduces additional problems. Al-
though the projected power density of such energy beams is not considered
to be sufficient for immediate damage, long term exposure effects should
be investigated. Interference with standard communication systems may
become a serious problem, especially in critical applications such as
heart pacemaker devices.
In summary, some health and safety problems probably will occur
with the implementation of solar energy devices. These problems do not
appear to be insurmountable when viewed in contrast to those associated
with today's conventional fuels. The health hazards resulting from oil,
natural gas and nuclear energies have been recognized and are quite press-
ing. Solar energy has none of the particulate, carbon dioxide or radio-
active waste storage problems of our current energy resources.
9-4 PSYCHOLOGICAL/SOCIAL
In the United States there is a tremendous social awakening;
certain low income and deprived groups are desirous of improving their
living conditions. The lifestyle of these groups is of a quality far
below that which would be expected to be commensurate with the present
stage of development of this nation. Elevation of the standard of living
of a relatively large segment of society concurrent with a decrease in per
capita energy consumption (or at least of zero increase in per capita con-
sumption) appears to be paradoxical. Strong forces are at work to improve
the standard of living of minority groups, and the accomplishments of social
reform are many, demonstrating that strong social forces must be dealt a
hand. Thus a very sensitive and complex social-psychological situation
exists.
It could be suggested that the pursuit of an improved lifestyle
is probably one of the major factors causing a tremendous drain on U.S.
energy reserves. The per capita consumption of energy has increased ex-
ponentially over the past thirty years; however, conservative projections
suggest a short term continued increase in energy consumption with an
eventual leveling off (See Chapter 1). Since a desire to improve the
individual's circumstances exists, there is an insufficient amount of
fossil fuels to adequately provide the necessary energy supply to do this
over a long period of time. Consequently, new or innovative technologies
must be developed which will help alleviate the problems associated with
the availabiltiy of energy resources and the insufficiency of energy which
is needed for future consumption.
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Lifestyles. Solar energy could help alleviate a long range energy crisis
and probably simultaneously ameloriate the living conditions of man.There are probably some societal disruptions associated with phased im-plementation of this innovative technology; however, there exists a "real
energy need", i.e., an energy need which will help mitigate the inevita-ble energy crisis and simultaneously permit social development. Solar
energy appears to be a potential energy source which can be employed tosatisfactorily close the future gap between available energy and energy
consumption. Once humanity is sufficiently and properly educated con-
cerning this aspect of solar energy then there will be a minimization ofthe difficulty of its implementation. In the past an apparent energyabundance has markedly changed people's lifestyles; and, since there hasevolved an acquisition of a relatively comfortable lifestyle then there
would result minimum societal disruptions if there is not a radical low-
ering of lifestyle. Radical changes precipitated by new technologicaldevelopments strengthen the barriers hindering their acceptance and adop-tion. Solar heating and cooling of buildings is not necessarily a radicalinnovation and probably has more positive societal impacts than negative.The reaction of people to innovations depends to a degree on a status quo
of the individuals living conditions. Indications are that solar heating
and cooling of buildings is a feasible technological development whichwill permit individuals to maintain their present lifestyle and also aidin supplying sufficient amounts of energy for predicted future consump-tion.
A number of reasons exist why heating and cooling of buildings
via solar technology has not progressed as rapidly as expected. Onepossible reason could be the lack of proper public education to the enor-
mous possibilities of solar energy for the heating and cooling of build-ings. Societal characteristics have an effect on the rate of phased im-plementation of solar energy, and there have been cited some cases in which
solar collectors were placed on apartment complexes for water heating.However, because of improper communication the innovation was not acceptedby the social class involved. Perhaps it is necessary that some exposureto the feasibility of heating and cooling of buildings via solar energybe made visible by an example or other high visibility demonstration of
solar energy technology which shows minimum perturbation of societal re-luctance to change from familiar ways of living to new and energy conserv-ing ways, therefore, minimizing any radical change in lifestyles.
Health and Safety. There are genuine concerns for a decrease in environ-mental pollution and for the conservation of energy. The popularity of
these two notions makes energy a "social force" [9-26]. Solar energy is
virtually inexhaustible and as a fuel it is essentially pollution free,
therefore, making it an attractive source of energy. There is a trade-
off between human comfort and the privilege of environmentally clean air.If solar energy is used on a large scale to heat and cool homes the prob-lems of storage will have to be solved; furthermore, any inefficiency in
night heating or heating during inclement weather could conceivably resultin some discomfort. In addition, people might not accept the concept of
the ambient room temperature being a little lower than that to which they
are generally accustomed. Indeed this represents a trade-off between fa-
miliar and comfortable living conditions and conservation of fossil fuel
and possible environmental pollution.
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There can conceivably be concern involving utilization of solar
energy for air conditioning. If ammonia is used in absorption air con-
ditioning, there may be problems associated with leakage which could create
societal fears and opposition to its implementation. In summary, solar
energy implementation has more positive aspects than negative concerning
personal well being if solar energy is to be utilized.
Housing Policy. It is virtually impossible to definitively evaluate all
social and psychological impacts of solar energy implementation; however,
some impacts can be treated in a qualitative manner. Furthermore, it is
difficult to exhaustively enumerate all the social and psychological con-
sequences of phased solar energy implementation, but there are some out-
standing positive and negative societal disruptions resulting from imple-
menting solar energy technology. In the heating and cooling of buildings,
because of the economic status of the majority, there would exist financial
problems accompanying the added cost of solar equipment. The overall tax
assessment of the property would increase; therefore, creating more finan-
cial problems for some already low income and deprived people. In addition,
there would probably be the fear associated with breakage and the upkeep
expense resulting from vandalism. The possibility of vandalism also in-
creases the home insurance rates, again creating financial problems and
added expense for home financing.
Maintenance and Labor. There are minor problems of training service per-
sonnel to be competent in repair of solar equipment for homes, solar farms,
and satellites. Tremendous problems exist in getting to a solar satellite
to make necessary maintenance and repair.
National Security. The solar farm and solar satellite concepts represent
a more difficult phasing problem of solar energy technology. Beside the
environmental problems previously enumerated, there are problems involving
vulnerability to immediate annihilation of the central solar stations.
This creates a problem of national security which could have rather severe
negative psychological consequences associated with it.
Architecture and Design. Any implementation of solar energy should be
reasonably compatible with the overall buildinq design. An aesthetically
compatible building utilizing solar collectors for heating and cooling
could have positive psychological impacts resulting in minimum reluctance
to acceptance.
In conclusion, the phased implementation of solar energy in
terms of heating and cooling of buildings, the solar farm concepts, and the
solar satellite concepts certainly involve an interrelationship between
societal impacts and technology. Furthermore, an analysis of societal
problems accompanying solar energy technology development requires a shift
of focus from physical considerations to social considerations.
9-5 SUMMARY
The future comprises an intricate web of interacting events,
some of which are so extreme or bizarre as to be unpredictable or incon-
ceivable through conventional planning [6]. Technology assessment is the
term which is applied to a class of policy studies which systematically
define, explore and evaluate the full range of political, environmental,
psychological/social and other consequences of the introduction of a new
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technology or the expansion of an extant technology. Through a technology
assesment, critical impact fronts and their possible interactions can be
identified. A qualitative evaluation of specific impacts enables input to
be made into an overall systems design model, and societal impact to play
a role in the development of the technology.
An attempt has been made to identify specific impacts and inter-
relations, if they exist, and to evaluate the realtive magnitudes of the
societal impacts of solar energy. The basis for a set of "evaluation
criteria" to which example applications of solar energy technology must be
subjected is thus developed.
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CHAPTER 10. MARKET POTENTIAL FOR SOLAR HEATING
AND COOLING IN BUILDINGS
Before any new technological innovation is accepted by industry
there must be a convincing argument that there is a sufficient market to
make it a profitable venture. The market potential on both a national and
a regional basis is presented below to indicate the size of the market for
the solar heating and cooling in buildings.
10-1. NATIONAL MARKET POTENTIAL
A summary of the amount of energy used for water heating, spaceheating, and space cooling in residential and commercial buildings in the
United States in 1968 [10-1] is shown below in Table 10-1.
Table 10-1. RESIDENTIAL AND COMMERCIAL END USE CONSUMPTION
Sector and End Use Consumption Annual Rate Percent of
(1968) of Growth National Total
in Quads (1960-1968)
Water Heating
Residential 1.736 5.2% 2.9
Commercial 0.653 2.3% 1.1
Space Heating
Residential 6.675 4.1% 11.0
Commercial 4.182 3.8% 6.9
Space Cooling
Residential 0.427 15.6% 0.7
Commercial 1.113 8.6% 1.8
The total energy used for water heating, space heating, and
space cooling in residential and commercial buildings was 14.786 Quads
in 1968. Energy for these purposes accounted for 24.4 percent of the
total energy use in the United States. The annual rate of growth (1960-
1968) was 4.1 percent.
The total energy used in the United States in 1968 was 60.526Quads. The annual rate of growth in total energy was 4.3 percent
It is difficult to make projections of the potential for use of
solar energy in buildings with any degree of confidence. Several factors
contribute to this uncertainty:
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o Space cooling currently is only a small fraction of the
total energy consumption, however, it is by far the most
rapidly growing end-use. It is difficult to project the
extent and rate at which space cooling will continue to
grow.
o Building construction growth patterns are uncertain except
in the very short-run. It is also likely that energy avail-
ability problems may influence building pattern growth as
much or more than building growth influences energy avail-
ability.
o Increasing emphasis on energy conservation in buildings,
e.g., new insulation requirements, use of total energy
systems, etc. may have a very significant effect on the
amount of energy which will be used in buildings in the
future.
o Inertia in the building industry makes it difficult to
predict the rate at which the use of solar energy could be
integrated into construction.
Despite all of these difficulties it is of interest to make
some speculative projections. The intent of these rough projections is
to make preliminary evaluation of the potential impact on energy dis-
placement, business volume, and materials requirements. Two separate
gross national projections will be considered. In a later section a
projection based on regional considerations will be discussed.
The assumptions upon which the first two projections will be
made are as follows:
o Solar energy use on a large scale would begin in 1979. This
delay is a result of the complexity of the building industry.
o Solar heating will be used on new construction only since
retro-fitting of old buildings will be very difficult and
expensive. (For example, heat storage tanks are large, roof
orientations may be unsuitable, etc.). This means that
solar energy can only displace a portion of the annual in-
crease in energy used for these purposes.
o No more than 50 percent of the new construction will be able
to utilize solar heating because of undesirable climate,
unsuitable locations, trees, tall buildings, etc. This
degree of solar utilization would require a maximum effort
to accomplish. It is probably much higher than could be
achieved under all but the most extreme measures.
o For those buildings which utilize solar heat, solar equip-
ment will provide 70 percent of the total heat required, the
rest will be supplied by a conventional system.
o The projected total energy consumption is taken as the AET-8
Brookhaven value of Figure 1-2. The amount of energy which
is used for heating and cooling is assumed to be as indicated
in Table 10-2.
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Table 10-2. ENERGY FOR HEATING AND COOLING PROJECTED TO 2020
Year Total Energy Energy for Heating and Cooling
Consumption Amount Percent of Total
(1015 Btu) (101 Btu) (%)
1968 60.5 13.25 24.4
1979 84 21.0 25
1980 88 22.0 25
1990 127 31.8 25
2000 175 38.5 22
2010 230 46.0 20
2020 300 54.0 18
This projected energy pattern is an attempt to take several
trends into account:
(1) The use of air conditioning will continue to increase at a
high rate for perhaps 20 years and then saturate.
(2) The energy required for heating and cooling of buildings
will gradually decrease because of improved design.
(3) The population growth rate will be decreasing during this
period.
(4) Other energy uses will probably grow more rapidly than
heating and cooling.
Two projections will be considered. The first represents a
maximum effort of implementation. The second represents a more gradual
phased implementation (Table 10-3).
Table 10-3. PERCENT OF NEW CONSTRUCTION UTILIZING
SOLAR HEATING AND COOLING
Percent of New Construction Utilizing
Time Period Solar Energy for Heating and Cooling
Projection 1 Projection 2
1980 - 1989 50 10
1990 - 1999 50 20
2000 - 2009 50 30
2010 - 2019 50 40
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Projection 1
Ener Displacement. Using the assumptions given,the amount of
energy whch would be displaced by a maximum effort to implement solar
heating and cooling is shown in Table 10-4.
Table 10-4. ENERGY DISPLACEMENT - MAXIMUM EFFORT
Year Cumulative Solar Percent of Total
(1015 Btu) (%)
1979 0 0
1980 0.26 0.3
1990 3.78 3.0
2000 6.12 3.5
2010 8.75 3.8
2020 10.78 3.8
During the first few years of this projection the additional
amount of energy displaced annually would be approximately 0.3 x 1015 Btu.
This represents a very significant amount of energy. It is equivalent to
the annual output of 10 very large (1000 Mwe) electric power stations
operating at full output 24 hours a day for 365 days a year.
From an overall total energy consumption viewpoint, however,
this annual increment of energy displaced is less than 1/3 of 1 percent
of the total energy consumption. It can be seen from the projected
displacement figures that a very long period of time is required before
a significant impact can be made.
Projection 2
The second projection is a more gradual phased implementation of
solar heating and cooling. The results of this phasing would amount to
approximately half the energy displacement of projection 1 as is shown in
Table 10-5.
Energy Displacement.
Table 10-5. ENERGY DISPLACEMENT - GRADUAL PHASING PLAN
Year Cumulative Solar Percent of Total
(1015 Btu) (%)
1979 0 0
1980 0.052 0.06
1990 0.74 0.6
2000 1.68 1.0
2010 3.26 1.4
2020 5.50 1.8
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This projection is a more realistic one; however, it still
represents a very significant level of effort to implement and the impact
on energy displacement is slower than the first projection.
10-2. REGIONAL MARKET POTENTIAL
The determination of national market potential for the solar
heating and cooling of buildings was of necessity based upon very gross
assumptions. It did not include such things as varying climates, varying
competitive energy sources, and varying patterns of population andbuilding growths. In order to remove some of these deficiencies the market
potential on a regional basis is determined and the sum of the regional
market potentials is given as the national market potential. The analysisgiven herein is primarily for homes, either single family, multi-family,
or mobile. The commercial and industrial potential is not studied in any
significant detail.
Two important indicators of market potential are regional
population and housing projections. A recent Forest Service report [10-2]documents the growing demands for housing in the United States (Figure 10-1).Using a model relating population growth, age distribution, and vacant and
replacement units, to household formations, three series of housing demands
are projected to the year 2020. These series (1, 2, and 3) reflect Bureau
of the Census population projections based on fertility rates of 2.78,2.45, and 2.11, respectively. In the long-run population and income factors
are the most important determinants in household formations and housingdemand.
The regional projections (Figure 10-2) indicate that the South
will reflect the largest growth. By 2020 it will comprise 33% of thetotal population and 37% of the total new construction. Next in sizewill be the North Central region- 25% of the total population and 24% of
the total new construction. The West, with 20% of the total population,
will account for 22% of the new construction, while the Northeast, with
22% of the total population, will indicate only 17% of the total new
construction.
However, from these projections only "rough" regional estimates
may be inferred. These Census regions need to be further refined byclimatic characteristics. Regional variations of solar availability as
well as heating and cooling requirements will affect the extent of solarheating and cooling application. In view of these limitations, marketprojections by population and housing were redefined based on solar
regions, which were determined from the mean daily solar insolation(Figure 3-7).
Figure 10-3 which indicates the population growth by solar region
was arrived at by using Bureau of the Census projections on a state-by-statebasis to 1990 [10-3]. The total national Bureau of the Census projectedgrowth between 1990 and 2020 [10-4] was then broken down into solar regionsby using the same growth percentages which were projected between 1970 and1990. Figure 10-4 was then constructed by using a household formationfactor similar to that used by the Department of Agriculture [10-2]. Thehousing starts by region (e.g., South, West, etc.) were then checked
against the values shown in Figure 10-4 and found to be in reasonable
agreement.
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According to this refinement (Figures 10-3 and 10-4), Region 1,
which includes the states of Arizona, New Mexico and Southern California,
will represent 13% of the total projected population and new residential
construction by 2020. Region 2 will account for 32% of the total. It
is important to note that this region includes the fast-growing South
(as projected by the Bureau of the Census). Even though Region 4 , which
consists of the Northeast, the Great Lakes, and parts of the Northwest,
shows the greatest potential in terms of population and housing needs
(35% of the total), for climatic reasons it is not as practical for solar
energy applications as are Regions 1 and 2.
To determine the potential regional markets for the solar heating
and cooling of residential buildings it is necessary to assign a percentage
of market capture to each solar region. An approach to a definition of this
regional market potential is indicated in Table 10-6.
Table 10-6. REGIONAL MARKET POTENTIAL - HOUSING 1970-2020
Solar Heated
Housing Starts % Market Capture and Cooled
(Figure 10-4) Housing Units
Solar Region 1 7,794,048 50 3,897,024
Solar Region 2 19,180,665 40 7,672,266
Solar Region 3 12,482,655 20 2,486,531
Solar Region 4 21,433,632 10 2,143,363
Total 60,891,000 16,199,184
The total figure of 16,199,184 units is, of course, very approx-
imate and should only be used as a bench mark number. This approximate
analysis indicates a possible 26 percent of the total new housing built in
the United States between 1970 and 2020 could be solar heated and cooled.
It should be recognized that this analysis has considered only new popu-
lation moving into the regions either by birth or migration, and does not
include any replacement housing for the population currently living in
these solar regions. Over a 50-year period most existing housing would
probably be replaced,which indicates a vast potential market not accounted
for in the previous analysis.
Specific market needs may be inferred from the projections of
the housing demand by types of units (Figure 10-5). One-unit (single
family) construction will increase its share of the total new construction
from 43% in 1971 to 47% by 2020. Multi-unit new construction will continue
to rise. Interestingly, mobile homes will rise from 18% of the total in
1971 to 23% by 2020 (with 35% of the total mobile units located in the
South).
These sub-markets indicate a further refinement for solar energy
application. There is a need for an analysis and specification of require-
ments for the type of system- heating and cooling process, and for the
function of the system- water heating, space heating, space cooling, and the
combination of these- generated by solar and auxiliary systems. For
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example, multi-unit (single story) construction may prove to be more
practical for solar energy application due to the insulation characteris-
tics of common walls. Mobile home construction may also offer a good
potential. Mass production characteristics of the mobile home industry
may suggest practical/integrated systems.
There is substantial evidence that commercial development is
closely connected with population growth. It should therefore be possible
to determine the market potential for commercial buildings by using a
similar procedure to that described above.
In summary it can be stated that there is indeed a market
potential for the solar heating and cooling of buildings. This potential
will be even greater if the cost of competitive fuel increases to the
levels projected. Assuming a $3000 per dwelling cost for a combined
solar heating and cooling installation and applying this to 16,000,000
units over the next 50 years, will yield a $48 billion or approximately
$1 billion per year market potential. This does not include possible
applications to commercial or industrial facilities nor does it include
the replacement housing market. It is thus conceivable that the potential
could be as high as $3 - $5 billion per year in the not too distant future.
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CHAPTER 11. STRATEGY FOR SOLAR HEATING
AND COOLING IN BUILDINGS
The basic strategy for the introduction of solar heating
and cooling in buildings (SH/CB) into the economy is shown in
Figure 11-1. The strategy begins with this diagram (Figure 11-1);
there are two phases to the strategy. The first phase consists of
the steps necessary to determine the types of (solar) equipment that
manufacturers would find most promising for market development. The
second phase shows the steps from manufacturing to equipment installation.
The first phase should be funded primarily by the Federal government
and Foundations. The second phase would be the responsibility of
private industry.
The TERRASTAR report constitutes the initiation of a feasibility
study, and it also presents considerations germane to each of the
steps in phases one and two, as is evident by reading the report and
the discussion to follow. The strategy presents a framework for
identifying barriers to the implementation of SH/CB, opportunities for
industry, educational institutions, technical and professional
societies, and government to attack and to overcome these barriers
and possible sources of funds to surmount the barriers.
The shorthand notation used in each of the circles to denote
the steps of the strategy is explained, and discussion of each step is,
as follows:
11-1. FEASIBILITY STUDY
The feasibility study was the focal point of the TERRASTAR
effort, and it is, in essence, outlined in the Table of Contents of
this report. Efforts have been devoted to determining the technical,
economic, environmental, sociological, political and strategic
feasibility of solar heating and cooling within the whole solar
energy picture and within the context of the total energy picture.
The output of the feasibility study consists of reccomendations for
each step displayed in the strategy.
11-2. R&D (RESEARCH AND DEVELOPMENT)
There are a number of areas of research and development (R&D)
pertinent to SH/CB. The R&D referred to in this step is primarily
concerned with solar heating and cooling equipment.
There are many articles in the literature on solar heating and
cooling, and some of these are discussed elsewhere in this report.
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Figure 11-1. STRATEGY FOR THE ACCEPTANCE OF SOLAR HEATING AND COOLING IN BUILDINGS
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Experiments have been conducted with solar equipment components, anddemonstrations of solar heating and cooling have been made. Solarheating is currently practical, but problems remain to be solved if
solar cooling is to become practical. Both solar heating and cooling canprofit from further research. R&D to improve the economics of solarheating is necessary to promote acceptance of solar heating, and
research on solar cooling is required to prove this concept.
Components and systems for SH/CB were reviewed in Chapters 4
and 5 of this report. The background and current status of thisimportant area of application were discussed. Some excellent pioneering
work has been performed. This work will serve as a basis upon which tobuild the future R&D needed for the advancement of the state-of-the-art.Figure 11-2 depicts the major R&D areas relating to solar heating and
cooling equipment and their interactions. Examples of specific areas
requiring attention are outlined in the following paragraphs. The
order of presentation is not intended to indicate priorities, nor
should the listings be regarded as necessarily complete.
Total System R&D
o Identification of new systems concepts
o Workable system identification and simulation
o System optimization and trade-off studies
o Optimum integration of supplementary systems
o Development of retro-fitting techniques
o Control systems development
o Architectural integration studies
Subsystem and Components R&D
o Collectors
Overall design including new concepts
Optimization of specific design concepts
Comparative studies of alternate concepts
Cover plate mounting and sealing techniques
Convection suppression techniques
Selective coatings
Effects of contaminants on cover plate transmission
Importance of thermal capacitance effects
Prevention and/or effects of loss of coolant
Cost-benefit studies of tracking techniques
TOTAL SYSTEM SUB-SYSTEM AND
R D COMPONENTS R& D
MANUFACTURING BASIC
PROCESS R&D RESEARCH
Figure 11-2. MAJOR RESEARCH AND DEVELOPMENT AREAS FOR SOLAR
HEATING AND COOLING EQUIPMENT AND THEIR INTERACTIONS
11-5
o Storage
Low-temperature phase change materials
Improved nucleation of phase change materials
such as salt-hydrates
Crystal settling prevention techniques
o Heat-Actuated Conditioning Systems
Low input temperature operation
Variable input temperature and heat rate operation
Investigation of heat rejection techniques
Cost-efficiency trade-offs
System simulation including off-design-point and
non-steady operation
Working fluids (refrigerants, absorbants), including
compatibility with respect to corrosion and toxicity
Component design improvement directed toward
increased efficiencies
Manufacturing Process R&D
o Mass production of selective coatings
o Low-cost mass production of cover plates
" Component assembly and quality control
Basic Research
o Anti-reflection coatings
o Selective surface stability
o Dust-repellent surfaces
o New or improved plastic cover materials
o Synthesis of improved phase change storage materials
Of equal importance with the identification of the required
R&D are the approaches pursued in its performance. Research and develop-
ment on subsystems and components should be performed under controlled
or laboratory conditions whenever possible. For example, a new
collector design should be adequately tested in the laboratory. It
is not necessary to incorporate the collector design into a complete
structure for performance testing, as has sometimes been done in past
work. Properties of components of a subsystem under test should beindependently measured, so that subsystem performance predictions
which use these properties as inputs can be meaningfully compared to
subsystem test results. For example, transmission properties of cover
plates and radiation properties of absorbing surfaces used in test
11-6
collectors should be accurately known. Adequate instrumentation
should be employed. For instance, in performance testing of abosrption
cycle cooling systems inlet and outlet temperatures, pressures, and
concentrations of all components should be monitored, if possible,
as well as temperatures of all heat sources and heat sinks. Such
practices have not always been followed in the past, or if they have,
the results have not always been thoroughly documented. This is
probably due, in part at least, to inadequate funding. Whatever the
cause, incomplete measurements or lack of documentation 6f all
significant results has made it difficult for other investigators
to build efficiently on prior work. Rectification of this situation
would increase the rate of advancement of the state-of-the-art.
In spite of the fact that the practical application of solar
heating and cooling has not been widespread, the literature relevant
to the area is voluminous and covers a rather long time period (at
least one hundred years). Increased funding for R&D will draw workers
into this field who are unacquainted with much of this literature.
Therefore, preparation of literature reviews and annotated bibliographies
of high quality would contribute to the orderly advance of this area
of technology.
A final observation which may be appropriate in this context
is that the high level of technology required for economically
realistic implementation of solar heating and cooling has not been
fully appreciated in the past. This is probably due, in part, to the
fact that almost any handy homeowner can at least attempt to fit his
house with some sort of solar collector for water or perhaps space
heating. This is in contrast to the situation in some other areas of
energy production and utilization, such as nuclear power, and has
undoubtedly caused some engineers and scientists to shy away from the
solar heating and cooling area.
It cannot be overemphasized that solar heating and cooling
R&D deserves the efforts of some of the nation's highly qualified
engineers and scientists.
Demonstrations of SH/CB, in addition to the past and
current efforts cited elsewhere in this report, should be conducted
to evaluate solar equipment and systems R&D.
Demonstrations of SH/CB can serve two purposes. First, they
can provide information on equipment design and performance, and second,
they can serve as an educational device to promote public acceptance
of solar heating and cooling. Demonstrations using buildings are
expensive, however, and should only be initiated as part of a carefully
planned program. Each demonstration should be a thoroughly planned
experiment with definite measurable performance goals. The buildings
should be completely instrumented to measure the performance of the
equipment and the ability of the equipment to maintain design environ-
mental conditions. Care must be taken to insure that these experiments
will yield valid fundamental design and performance information.
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It would be preferable to have a few experimental buildings
which would provide good complete engineering data, rather than many
which do not advance the state-of-the-art of the technology. All of
the demonstration building experiments should be coordinated so there
can be a maximum interchange of information. In addition, these
demonstrations should be planned for representative climatic and
insolation regions of the country to provide working data for the
development of a design procedure for SH/CB.
If many design innovations are being made in addition to
solar heating and cooling, it may be difficult to assess the success
or failure of the solar equipment. In some such cases it may be
useful to build two identical buildings, one solar heated and cooled and
one conventionally heated and cooled, in order to have a reference
for performance comparison.
It should be reiterated that experiments on basic problems,
such as cooling processes or novel collector designs, should be
conducted as laboratory experiments whenever possible and not as "solar
building" experiments in order to maximize the knowledge gained for the
amount of time and money spent.
11-3. DESIGN PROCEDURE FOR SOLAR HEATING AND COOLING IN BUILDINGS
The logical step following the establishment of technical
feasibility and R&D is the development of a design procedure for
solar heating and cooling in buildings (SH/CB). This procedure should
consist of design considerations, design standards, and computer
codes and handbooks to relate design objectives to the considerations
and standards. Furthermore, the procedure should be universally
applicable, in contrast to current design methods for SH/CB which are
limited to the design of a specific building in a specific location.
A design procedure of the scope outlined above does not
currently exist. Computer codes for simulating and calculating the
heating and cooling loads of standard building designs have been
developed by the National Bureau of Standards (NBS), MIT, ASHRAE, and
Dubin-Mindell-Bloome Associates, Inc. (and others), but they have notbeen integrated into a standard design package for SH/CB. The develop-
ment of a complete design procedure for SH/CB is an undertaking of
great complexity requiring extensive systems studies. The intent is notto tackle the full problem here, but rather to outline an approach
to the analysis required. This first attempt should serve as a blue-print for recommended future efforts to implement a full design
procedure for SH/CB.
In this section, the following points are considered:
o How the concept area---SH/CB---was selected.
o A suggested methodology for elucidating design consid-
erations (the elements of design).
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o Real-world examples of SH/CB to exercise and test the
methodology, and to point up general problem areas
(impediments) in the design of SH/CB.
o Documentation of the results of these example analyses.
o A schematic extension of design considerations to regional
and national scales.
o Conclusions and some recommendations for future studies
resulting from this brief investigation.
Concept Area Selection. The concept area under consideration is SOLAR
HEATING AND COOLING IN BUILDINGS (SH/CB) - that is, the utilization
of solar energy to provide space heating, space cooling (air conditioning),
and hot water in buildings. The route taken by the Design Group to
select this concept area may be of some interest to the reader.
First, a set of sixteen controls (constraints and criteria)
was determined by Group consensus; see Table 11-1.
TABLE 11-1
CONCEPT AREA CONTROLS
o Proof-of-Concept Demonstration Implementable Within
2-3 Years
o Economically Competitive With Equivalent Standard
Systems
o Minimal Disruption of Environment and Ecology
o Where Possible, Compatible With Existing Energy Systems
o Aesthetically Acceptable
o Functional, Maintainable, Reliable, Durable, and Foolproof
o High Profile (Visibility) and Publically Acessible
o Marketable (Broad Public Acceptability)
o Positive Impacts Upon Society
o Components Mass-Producible With Current Technology
o Compatible With Legal Requirements and Political Realities
o Significant Displacement of Depletable Energy Forms,
Ultimately
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o Flexible, Adaptable, and Evolutionary
o Take Into Account Both Public (Government) and Private
(Industry) Sectors
o Minimal Hazards to Users
o Exemplify the Conservation Ethic
Second, concept areas involving the utilization of solar
energy were considered in the context of these controls, and SH/CB
surfaced as the obvious choice.
Finally, when real-world examples (see following) were chosen
to test the methodology, they were first restricted by these controls.
In addition, limitations of time led to the exclusion from consideration
in the examples of the following concepts:
o Electrical power generation (e.g., photovoltaics)
o Process steam production (e.g., high temperatures)
o Central stations and space systems
As a result, the solar systems employed in the examples are in the low-
temperature thermal regime (e.g., non-concentrating or flat plate
collectors, etc.).
Methodology. Following the determination of the technical feasibility of
SH/CB, it will be necessary to have standard solar equipment, solar
energy professionals, incentives, manufacturing capabilities, and sales
and service organizations in order to effect a large-scale implementation
of SH/CB in the United States. The necessary and unifying element whichis prerequisite to these latter stages of commercialization is a design
procedure for SH/CB. Lacking this, progress will be spotty at best, and
most of the frustrating and time-consuming mistakes of the past will be
prepetuated indefinitely into the future; in addition, SH/CB would lackthe economical edge which it must possess to be a viable, competitive
industry.
A design procedure, with its computer codes and design
manuals (handbooks), combines the following elements to produce an
optimal design for SH/CB:
o Sunlight on earth
o The components of solar equipment systems
o A type of building
o A location (site) for the building
Figure 11-3 illustrates this idea.
BUILDING LOCATION SOLAR
TYPE EQU I PMENT
DESIGN PROCEDURE
Computer Codes
Design Standards
Design Manuals
Etc.
OPT I MAL DESIGN
FOR SHICBUSINGASHICBDESIGNPROCEDURE
Figure 11-3. USING A SH/CB DESIGN PROCEDURE
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The first step in devising a design procedure is to spell-out
the elements of design. Every building design involves the same generic
considerations; the only added item for SH/CB is the solar equipment.
Since any good design exhibits synergism - the properties of the total
interacting system transcend those of the individual parts or their
arithmetic sum - this additional element completely changes the
character of the building design for SH/CB. Figure 11-4 shows the
systems approach used to determine and clarify the general design
considerations (elements) involved in SH/CB. The fifteen broad areas
identified as being significant are given meaning by the following
defining statements:
" LOCATION 
--- The geographical, political, and social
environs which position the building nationally, regionally
and locally
o RATIONALE ---The general reasons (purposes) for the
building's existence and location
o SPONSORS --- The individuals, groups, and/or institutions
responsible for the initiation, conceptualization, imple-
mentation, and continuing maintenance of the building
o SITING --- The detailed nature of the site, the relation-
ships of the building to the site, and the reasons for the
choice of the site
o BUILDING TYPE --- The general classification and style of
the building
" BUILDING FUNCTIONS 
--- The functions to be performed,
people served, and activities accommodated by the building
o BUILDING CHARACTERISTICS 
--- The architectural and
construction specifications of the building (a quanti-
tative blue-print)
o SOLAR DATA --- The types, quantities, and reliability of
the data needed to specify the solar insolation charac-
teristics of the site
o CLIMATIC DATA --- The types, quantities, and reliability
of the climatological data needed for determining and
satisfying the heating and cooling requirements of the
building
o BUILDING THERMAL DATA --- A quantitative specification of
all pertinent materials aspects of, and human activities
within, the building for determining the heating and
cooling demands (loads)
CONTROLS
*ECONOMICS 0 RELIABILITY * AESTHETICS
*MARKETABILITY * POLITICS AND LEGAL
*ENVIRONMENTAL * DATA EXTANT?
*TECHNICALLY FEASIBLE? * SOCIOLOGY
LOCATION
RATIONALE
SPONSORS
RECOMMENDATIONS
SITING _ _CONCERNING THE
CONSEQUENCES
DESIGN OF THE DESIGN. THE
CONSIDERATIONS BUILDING T PROBLEMS
SOLAR HEATING * R TO BE OVERCOME. AND
ANDCOOLING IN THE DESIGN
LDINGS o CHARACTERISTICS OF D SPECIFICATIONS
DESIGN E
tPOINTS
DATA PERTINENT O
*SOLAR TO 
F
* CLIMATIC THE
*BUILDING THERMAL EXAMPLES
EQUIPMENT
*SOLAR ENGINEERING
e NONSOLAR H/C
SCHEDULES I
MONIES* COSTS-
" FINANCING
S...... . . . . . -FEEDBACKS
FIGURE 11-4. SYSTEMS APPROACH TO DESIGN CONSIDERATIONS
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o SOLAR ENGINEERING --- Complete characterization of the
solar-heating-and-cooling systems for the building, and
their performance expectations
o NON-SOLAR HEATING AND COOLING EQUIPMENT 
--- A description
of the supplementary and backup (non-solar) heating and
cooling systems for the building
o SCHEDULES 
--- The timetables of (a) activities within the
building, (b) the building implementation from conception
to end of construction, and (c) securing the necessary
monies
o COSTS --- A complete breakdown of all costs accruing to
(a) the site, (b) the building design and construction,
(c) the equipment design, development, manufacturing,
and installation, and (d) the continuing maintenance of
all proposed items
o FINANCING 
--- Those responsible for securing the funds,
their methods and timetables, the organizations approached
for the monies, and the accounting procedures
Actual Examples Analyzed. To progress further with the design procedure,
some actual examples of solar-heated-and-cooled buildings were selected
and run through the design methodology described above. Time limitations
permitted the detailed analysis of only two such examples, for which
abundant information was available and which were approaching
implementation.
o The Massachusetts Audubon Society small (8000 sq. ft.)
commercial office building in Lincoln, Massachusetts
[11-1]
o The Saginaw, Michigan, large (51,600 sq. ft.) Federal
office building
Many other possible examples exist for which such an analysis
may be run in the future. One of these examples is Harry E. Thomason's
sequence of five (solar-heated-and-hot-water) houses, built during
the last ten years in Washington, D.C. [Floor plans and blue-prints
are available from Edmund Scientific at $10 each, and a building
license may be purchased for $20.] Of special importance are building
examples which employ photovoltaic conversion of sunlight to electricty,
for these examples may be used to extend the design procedure considered
here beyond the realm of low-temperature thermal solar heating and
cooling. Two such "electrical" examples are:
" The Boer House (under construction) at the University of
Delaware in Newark, Delaware
o Mrs. Wilson's house (Burt-Hill Associates, Inc.) in
Shanghai, West Virginia (still in the conceptual stage)
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Perspective drawings of the "Audubon" and "Saginaw" concepts
are displayed in Figures 11-5 and 11-6. Figure 11-7 illustrates
how these examples are used to begin to construct a design procedure.
Finally, in Appendix E is shown the worksheet for the two examples,
where questions are raised, some answers found, and problem areas
identified --- in the context of the generic areas mentioned above
(LOCATION, RATIONALE, etc.).
To Regional and National Considerations. Each specific example
considered aids in spelling-out the design procedure (manual), but
in a strictly local (on-site) way. If enough examples were available
nationwide, one could group the results of example analyses by region
(climatic, insolation, marketing, etc.) to elucidate regional design
considerations. Then the entire set of results might be integrated
into a national design picture. At present, the scarcity of exemplary
solar-heated-and-cooled buildings precludes such a "simple" maneuver,
but computer simulations of building types by region may assist in
filling this gap. Figure 11-8 is a schematic representation of such a
design "extrapolation" from local to regional/national bases.
Conclusions and Recommendations. As a result of this cursory design
investigation, it is possible to list several useful conclusions and
recommendations concerning design procedures for buildings with solar
heating and cooling systems. [The area of solar/climatic data is
so critical that it is considered in detail in the next section.]
o Solar-heating-and-cooling systems are capital intensive:
a large investment is required initially to install the
equipment (and the supplementary non-solar equipment which
presently acts as a backup heating-and-cooling system),
but the continuing costs (fuel and maintenance) can be
reduced to a negligible level. Studies should be
conducted in the next few years of modes of financing
and insuring solar heating and cooling systems (perhaps
with governmental financial assistance to consortia of
banking and insurance institutions).
o Building codes and current construction practices do not
generally favor "tight" (i.e., energy-conserving)
buildings, which are necessary when solar heating and
cooling systems are employed. Studies should be conducted
now (with governmental stimulation) to determine the nature
and means of implementation of rational building codes
(nationwide) --- with energy conservation as a primary
consideration; the results of previous investigations
into energy-conserving concepts in buildings (e.g., by
the National Bureau of Standards; ASHRAE; Dubin, Mindell,
Bloom, Associates; etc.) should be reviewed and promulgated
to the building industry as "better standards."
o Equipment difficulties which currently preclude a good
design include (a) the marginal technical feasibility of
AUDUBON
Figure 11-5. PERSPECTIVE OF PROPOSED "AUDUBON" BUILDING
Figure 11-6. PERSPECTIVE OF
PROPOSED "SAGINAW" BUILDING
AUDUBON SAGINAW
ARBITRARY DESIGN BEST
CASE PROCEDURE DESIGN
SOLUTIONS PROBLEMS
DOCUMENTATION
Figure 11-7. DESIGN PROCEDURE CONSTRUCTION WITH EXAMPLES AND EVENTUAL USE
Figure 11-7. DESIGN PROCEDURE CONSTRUCTION WITH EXAMPLES AND EVENTUAL USE
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Figure 11-8 EXTRAPOLATION OF DESIGN PROCEDURE
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solar space cooling (air conditioning) with flat plate
collectors [see sections 11-1 and 11-2 above], (b) expensive
thermal storage systems, (c) the use (in many cases) of
complete non-solar supplementary and backup systems for
heating and cooling in buildings, and (d) little knowledge
concerning the maintainability of solar systems. Extensive
R&D efforts with government funding (academia?) are indicated
here during the next five years (see section 17-2 above).
Current solar heating and cooling systems are susceptible to
"accidents": broken glass in the flat plate collectors,
fluid leaks, the release of obnoxious and/or toxic materials(e.g., from lithium bromide absorption air conditioners),
and the thermal destruction of flat plate collectors which havelost their fluids (with the attendant possibility of fire).Sub-studies of the safety aspects of solar heating and
cooling in buildings should proceed simultaneously and in
conjunction with the systems R&D. A thorough literature review
should be implemented immediately to assess the current
"safety" picture and to make the information available in
a single place and format.
Legal and political complications of buildings with solarheating and cooling are only now being recognized: building
code adjustments, property taxes, "sun rights" (i.e., whathappens when someone erects a high-rise structure to the
south and blocks the sun from one's solar collectors?),
unionization of solar systems workers, elimination of
tax revenues on some fuels in locations where solar heating
and cooling becomes predominant, etc. To preclude extensive
problems in the future, a careful study of these (and
other) legal/political aspects should be conducted soon.
Systematic design criteria (standards, etc.) and procedures
for solar-heated-and-cooled buildings are not available. A
concerted effort, coordinated by the National Science
Foundation, should begin immediately to produce a preliminarydesign procedure, using the results obtained in this report,by ASHRAE and the National Bureau of Standards, and in
the literature. A prerequisite to this study is a complete,
annotated review of the literature to date.
Finally, no governmental organization has been given the
charge to oversee the large-scale implementation of solar
heating and cooling in buildings in the United States,
though the National Science Foundation is responsible at
present for solar energy R&D funding. Those agencies which
should become involved in the near future include (a) the
Energy Research and Development Administration, (b) the
Department of Energy and Natural Resources, and (c) the
Environmental Protection Agency (EPA).
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11-4. DATA
A major impediment to the construction of a design procedure
for SH/CB is revealed when actual building examples are considered. This
barrier may be termed "the data gap". The following problem areas have
been identified:
o Solar insolation data ---
(a) Types of data needed (horizontal, direct, normal,
diffuse, hemispheric, etc.).
(b) Frequency of data points (continuous, hourly,
daily, monthly, seasonally, annually, etc.).
(c) Formats of information presentation.
(d) Localization extent of data gathering (on-site,
local, regional, national, etc.)
Liu and Jordan [11-2] state that the performance of a flat-plate
collector can be predicted from a knowledge of the monthly-average
daily total radiation on a horizontal surface (and the monthly-
average day-time ambient temperature) at the locality being considered.
On the other hand, Fred Dubin of the New York consultants Dubin, Mindell,
Bloome, Associates, Inc. (private communication) feels that the local
nature and unpredictability of solar data (and weather data) preclude any
trustworthy conclusions at present.
o Climatic data --- The situation appears to be more encouraging,
but for a good design many unanswered questions remain concerning the
type, frequency, format, and localization of the data required. The
primary quandry centers upon the micro-climate at the building site,
and the validity of interpolating the data records from nearby
weather monitoring stations.
o Solar insolation monitoring network --- The network
in the United States is exceedingly sparse (see Section 3-6). In
addition, the United States National Weather Service recently warned
users of their solar insolation data that some of the records contain
errors as well as calibration inconsistencies.
o Weather station network --- The network in the United
States is well-coordinated and generally tight (a closely-spaced mesh),
but the usefulness of the data formats is questionable and there do
exist some large gaps in the network.
Several in-depth investigations, conducted in sequence (phased),
are necessary to clarify and resolve these data problem areas. Figure 11-9
outlines the flow-chart of studies recommended here to implement the
data (solar and climatic) needed for first-rate design of solar-heated-
and-cooled buildings. The steps are the following. First, detailed
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studies, funded by the National Science Foundation and undertaken by
academic and consultant groups, should be conducted of the solar
insolation data and the climatic data needed to design solar heating and
cooling systems and buildings throughout the Untied States. Major
areas of consideration are:
o Types of data needed
o Frequency of data collection
o Formats of outputs from data
o Extent of data-collection localization
Second, for optimized economical design a study of integrated
SH/CB systems should be conducted with funding from government and
private industry.
Third, having determined the characteristics of the necessary
data, an analysis of various data-gathering systems may begin with the
involvement of the National Weather Service and National Bureau of
Standards. Sub-studies of the following pieces of these systems should
proceed simultaneously:
o The network of "monitoring stations"
o The instrumentation to collect the data
o Methods of analyzing, reducing, and displaying the data
in useful formats
o Modes of managing the system
Finally, an intercomparison of the data systems considered
should be made (a trade-off), so that the "optimal" system is selected
and implemented. An important consideration in the trade-off will be
the cost of the data system chosen.
11-5. OPTIMIZATION STUDY
An optimization study of a range of typical building types
and solar heating and cooling equipment using energy conservation
techniques should be conducted for a wide range of climatic and solar
insolation combinations in the United States. The optimization
study should be correlated with proof-of-concept studies conducted in
the R&D phase and may suggest additional necessary or useful experimental
evaluations. Factors to be considered in the optimization study are
indicated in section 11-3.
The optimization study should result in a listing of equipment
types by size for these climatic and insolation combinations for the
range of typical building types. The list of equipment could then be
made available to prospective manufacturers. It would then be necessary
to evaluate the market to determine if the manufacture and sale of such
equipment would be profitable. The Federal government might have to
provide incentives to push the introduction of the equipment into the
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economy if manufacturers are reluctant to test the market.
It should be mentioned that a modified optimization study
would be beneficial to a national general energy conservation program,
even if solar heating and cooling is not adopted. The optimization
process is of such a magnitude that no individual could afford to
run a thermal optimization of his home or small business. However, if
such an optimization scheme were available as a government service the
nationwide savings in fuel consumption could affect the energy demand
picture, thus reducing the impact of the energy problem.
11-6. EQUIPMENT DESCRIPTION BY REGION
The output of the optimization study should be the identification
of standard equipment types for SH/CB by region for the United States.
In addition, the optimization study should identify the sizes and types
of buildings most amenable to solar heating and cooling by regions
for the equipment identified; thus, there would result a matrix of
buildings by types and sizes versus equipment types and sizes for each
region of the United States. Analysis of this matrix would identify
solar heating and cooling equipment that could be manufactured for
modular use, thus standardizing the equipment manufactured and reducing
manufacturing complexities. This step in the strategy may have to be
modified as the strategy progresses but basically what has been outlined
constitutes the initial thinking in the overall strategy.
11-7. SOLAR POWER SYSTEMS PROFESSIONALS
Professionals knowledgeable in the principles and applications
of solar energy systems, the economics, potential impacts and other
areas germane to solar energy systems should be identified and commun-
icated with during all steps in the strategy. These professionals
would constitute the initial cadre for developing the solar heating
and cooling market.
Technical societies, educational institutions and government
laboratories should provide the forums, educational processes and
research necessary to identify these professionals, develop additional
professionals for the application of solar energy, and conduct
research necessary to encourage the inclusion of solar energy in the
economy.
11-8. INCENTIVES
The detailed identification of the various incentives (economic,
professional, personal, etc.) for the development of solar power systems
as viable alternatives for heating and cooling in buildings would be accom-
plished by the market analyses which must be done during the second phase
of the strategy outlined in this chapter. The marketing analysis cannotbe completed in detail until solar heating and cooling equipment
applicable to a wide range of building types by regions has beenidentified. This does not mean that during the early stages of such a
strategy incentives are not needed or are unidentifiable. The funding
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by the Federal government proposed in this chapter for R&D in the area
of SH/CB is certainly one identified incentive. This incentive is
designed to interest the appropriate parties in the country in solar
energy applications, and to begin to promote the adoption of these
applications predicated on their feasibility.
Since the energy problem is a national problem with international
implications, it is apparent that the Federal government will have to
take the lead in developing ways to alleviate the problem. The application
of solar energy presents opportunities for helping to alleviate the
energy problem, but the development of the many possible applications
of solar energy is an expense that private industry apparently is not
anxious to underwrite. The strategy as developed here therefore
relies heavily on the Federal government during the first phase of
the strategy. The first phase constitutes an overall incentive for
the free enterprise system. The private sector is expected to take
over the primary funding and R&D at the stage where manufacturing and
installation of equipment for SH/CB becomes attractive.
Incentives will be necessary in all steps of the first
phase of the strategy. Feasibility studies are currently being
conducted by a number of people. Research and development is con-
templated by a number of educational institutions and private industries,
with funding coming predominantly from the National Science Foundation.
The construction of a design procedure for SH/CB is a task remaining to
be performed in detail, and the logical group to develop this design
procedure has not been fully identified. It is proposed that the
technical societies acting in concert would produce these design procedures.
Societies --- like the American Society of Heating, Refrigeration, and
Air-conditioning Engineers (ASHRAE), the American Society of Mechanical
Engineers (ASME) and the Institute of Electrical and Electronics
Engineers (IEEE) --- would have an interest in tackling the design
procedure problem. Funding for the development of the design
procedure would probably have to come from the Federal government,
although private industry would certainly express some interest and
could be counted on for contributions of monies and expertise.
The solar insolation data required will probably have to
be provided through a program tied into the present weather service
program. The availability of these data is a key to the optimization
studies previously proposed. The optimization studies would have to
be financed by the Federal government, although private industry
again would have an interest in the outcome of the investigations
and could be counted on for funding. These optimization studies
could be conducted by Federal laboratories, educational institutions,
and industry.
Incentives for professionals to enter into the field of
solar energy applications will have to be developed. A professional
is certainly not going to undertake studies in this area unless
there is a demand for his services and adequate funding. The
professionals who constitute the SH/CB profession must be well versed
in disciplinary areas such as engineering, economics, marketing,
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political science, etc.; they will bring the depth of understanding
of these areas into play in developing a multidisciplinary approach to
solar energy applications in SH/CB. Appropriate incentives to encourage
this effort are sorely needed.
Incentives readily identify themselves at appropriate times
during any study of a problem; to try to mention each and every one
in this section is impossible. However, it is important to realize
that incentives will have to be developed in order to encourage the
implementation of SH/CB on a large-scale in the United States. A
careful reading of the TERRASTAR report, expecially section 11-9,
will reveal a multitude of other possible incentives and incentive
areas.
11-9. MANUFACTURING AND MARKETING
The literature consulted on manufacturing and marketing
(see References 11-3 through 11-22) serves to identify some of the
principles, concepts, models, cases and analogies needed to evaluate
solar energy implementation in our economy. Both macro and micro
considerations are suggested. This discussion is limited to SH/CB.
An effort is made to identify pertinent factors and their
interactions affecting this application of solar energy. This involves
the identification of information requirements, decision-makers,
strategies, constraints and impacts. For example, information require-
ments consist of studies on costs/ benefits of initial installation
and product life-cycle of alternatives, component requirements,
manufacturing engineering, and information transfer to decision-makers.
Decision-makers imply considerations of "profiles" of keyinnovators, influencers, action takers, users -- active and passive
intermediaries in the process from the conception of the idea to the
application of the methodology, technique, product or service.
Among the key innovators, influencers and users in the decision-
making process in SH/CB, the following are considered: utility companies,
materials manufacturers, component manufacturers, distributors,
builders, architects, engineers, land developers, investors, and final
users -- residential, commercial, public and industrial buildings.
Once these different segments for application are identified 
--in terms of demographic and behavioral characteristics, institutional
and economic constraints and the special needs of these groups --
specific strategies and incentives for the diffusion of the application
are outlined.
Innovation and Diffusion of Innovation. "Innovation is a term describing
certain activities by which our society improves its productivity,
standard of living, and economic status " [11-3]. In one study [11-3]
on innovation, the investigators looked at ten recent cases of tech-
nology and its application (heart pacemaker, hybrid grains, electro-
photography, input/output analysis, organophosphorous insecticides,
oral contraceptives, magnetic ferrites, and video tape recorder).
In the case of "input/output analysis", an analytical tool, the study
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looked at the diffusion of its application. The other cases resulted
in marketable products.
From this analysis, the authors tried to identify all the
significant, decisive and nontechnical events which led the process
of technology, innovation, diffusion and adoption from the point of
"conception" of the idea, through the "innovative period" to the
"post-innovation" (application) period. They identified five areas
which were probably instrumental in the direction and rate of the
process:
o Motivated influences
o Management action
o Peer group forces
o Unplanned events
o General environmental factors
In terms of their importance, the following specific factors were
identified:
o Recognition of the need (market pull)
o Independent inventor
o Technical entrepreneur
o External invention
o Government financing
o Informal transfer of knowledge
o Supporting inventions
o Merging of technology
Even though these factors indicate technological and
marketing opportunities, many obstacles slow down the process. A
historical review of the literature on technology and innovations
[11-4] suggests the following "obstacles":
o Interference risks (labor, government, industry structure)
o Market (customer/consumer) risks
o Timing (improper use -- used for other purpose or
improperly used for suggested purpose)
o Production/management risks (controls over the market or
supplies, patents, licenses)
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o Technical and financial barriers (economics of scale
labor vs. capital intensiveness)
Specific examples of innovations, obstacles and applications
will be used where they pertain to the manufacturer, builder or
consumer.
It is difficult to identify all the significant, decisive
and nontechnical events in the process of innovation-diffusion-and-
application. However, in the case of new products and their application(displacement or conversion of present applications) for the same need
or new needs, where historical-statistical data are lacking, analogies
may be useful.
The subject of solar energy has received attention in much
of this historical literature. In the 1950's and 1960's the maininterest in applying solar energy was for the developing countries
(e.g., solar cookers, solar refrigerators, solar engines, etc.).
However, in the 1970's the emphasis has shifted to applications in
industrialized countries (SH/CB, generation of electricity, solar
farms, and satellites). Many of the events that promoted interest in
solar energy and searches for technological and marketing opportunities
for its application are of recent origin. Some may be considered as
significant events (technological advancements, transfers of technology,
various research efforts), others as:decisive issues of "crisis" aspresented by the Government, industrial sector and special interest
groups, regional issues of resource allocation, studies of costs/benefits of alternative supply sources and demand sector patterns anddirected research efforts such as those of the NSF and nontechnical events(e.g., moral suasion by the Government and utilities on energy
conservation).
In view of the assessment of technical feasibility and economic
practicality of SH/CB, a number of macro and micro strategies (along
with some obstacles and incentives) for the acceptance of solar energy
--- in its application to SH/CB --- are suggested in the following
sub-sections.
Identification of Opportunities for Utilization of Application (Market
Needs). Aggregate and specific segments for utilization need to beidentified in terms of their needs. Specifically, potentials for
utilization may be defined in terms of their size (number of users for
each application), demographic characteristics of user-types (geographic
regions, consumption patterns, purchasing power, household sizes,
building types and others), and social/psychological elements(motivational factors - economic and noneconomic).
From these considerations, homogeneous factors may be usedto form composite sectors (market segments) for application.
In order to develop strategies for influence and acceptance,
key elements in the decision-making process of new products or
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applications need to be identified. In the case of SH/CB these elements
are: types of buildings, projected growth patterns, climatic regions,
user comfort requirements and other need requirements, component types,
suppliers, influencers and decision-makers in the installation, construction
and design process. (One firm, Arthur D. Little, Inc., is currently
analyzing this application in terms of specific market needs/segments
in an attempt to identify the various decision-making elements and to
develop strategy models.)
Since there are many interacting elements in this application
process, many of the participants may be in the position of a supplier
and a customer/consumer, a supplier and a developer of markets, an influencer
or a combination of any of these.
The final user/consumer will probably play a passive role,
at least in the initial application. Therefore, the other interacting
elements will be considered first: materials supplier, component
manufacturer, utility companies, construction industry, and consumers.
Of course, engineers, architects, government policy-makers and regulators,
distributors and financial institutions --- with their direct or indirect
influences --- will also be identified.
In order to make some projections of the potential, several
techniques or methodologies may be used [11-5]:
o Trend or regression analysis --- one or a combination of
these variables may be used: population or housing
projections by solar regions, consumption patterns,
purchasing power and others (see Chapter 10).
o Survey studies by means of concept testing --- past,
present and intended behavior may be discerned by inter-
viewing architects, engineers, manufacturers, builders,
and homeowners.
o User studies --- analysis of the use and use testing
should lead to the identification of product/market
segments, characteristics of products, needs they fill,
special need requirements for product adoption and adap-
tations, technological forecasting, etc.
o Business volume --- projections may be made based on value
analysis - initial and operating costs of different heating
and cooling systems and their combinations - by
housing types and climatic regions (see Chapter 10).
o Analysis of elasticities of energy consumption by use
sectors and patterns, utilization of various components
in relation to income levels, pricing and promotional
strategies, proportion of income or total cost going
for energy, and time factors for adjustment [11-6].
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o Analogies --- case histories of other technological
innovations and applications (for example, lead time in
black-and-white television, color television, flat-top
cooking range, self-cleaning oven, home air conditioning,
plastic cable and others).
o Cross-sectional and correlation analysis --- demand
patterns (for example, average consumption vs. peak demand,
total vs. component demand, average weather vs. extreme,
rates of consumption and need requirements).
o Input/output analysis --- includes an analysis of the
intra and interstructure and the flow of energy, that is,
energy-using industries and final users in the form of
energy or product.
o Macro studies (total and regional), demand and supply
studies (price and nonprice effects), studies on the
relationship of economic growth and energy structure
(effects of shifts of different supply sources, consumption
sectors on standard of living, equalities and productivity),
environmental studies and attitudimal studies.
Strategies for Acceptance. Initial development of markets for new
products or applications may be furthered by efforts of small end-
product manufacturers or by newcomers - "push" may come from materials
manufacturers, e.g. manufacturers of glass, aluminum, steel, etc.
This chain can develop a market for a new end-product to satisfy some
need, such as heating and cooling, or create a new market by identi-
fying a "new" need, such as conservation of depleting energy resources
and preservation of the environment.
Present large manufacturers may be unwilling to go into new
applications because initially they may offer little profit, entail a
large capital investment (uncertain economies of scale), compete with
existing product lines, endanger their current market share, weaken
their competitive advantage, be incompatible with their manufacturing
process, require new channels of distribution and present problems in
servicing and maintenance of the equipment. Success of a small or new
firm in building a place in the market for the new product can, of
course, effect a substantial change in the motivations and perceptions
of the market leaders. Many firms have "full-line" as their product
strategy. Some firms search for new opportunities for market extension
for their growth; others consider "product diversification" as the most
important strategy for their survival and growth (for example, firms in
the aerospace industry). This may come about through mergers or new
ventures.
A few examples may illustrate this strategy [11-7]. Alcoa
in its attempt to develop the use of aluminum in windows encountered
resistance from the conventional manufacturers of window frames. For
the demonstration Alcoa built its own building, called on industrial
architects and finally presented a marketing opportunity for small and
new manufacturers.
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In another case, use of aluminum ingots was recommended for
containers. However, the reluctance from the container industry gave a
"push" to an end-user (a brewery) to go into the manufacture of its
own containers. In both cases the materials manufacturer developed
markets for its material through the fabricators or end-users. Other
examples in the areas of fibrous glass, plastics and glass reinforced
plastic pipes raised the requirements for information on materials,
processes, end products, performance, techniques and equipment to
install, component parts, maintenance and servicing.
In summary, materials producers can be instrumental in
building up primary demand for end-products and selective demand for
specific components. This requires a careful analysis (input-output)
of the industrial structure, end-users (construction industry),
component manufacturers (of conventional systems), their resistances
and motivations, the development of standards for equipment and maintenance
(through professional societies, associations, and Government),
dissemination of economic and technical data, and definition of properties
of the material. Specific market segments and their sizes will have to
be identified,in terms of geographic regions, building types and their
requirements, and their suitability to man-production process evaluated.
In the early stages of the product "life-cycle" [11-8], at
the time when the attempt is to build up the primary demand, careful
market testing and mass media education and promotion will be needed.
The extent of this will depend on the identification of the need,
perception, and level of familiarity with the product concept.
Up to this point, it has been assumed that the market would
create its own entrepreneurial incentives and direct management-
decision efforts.
Another strategy could be for the Government to subsidize the
development stage of the product (pre-introduction to the market stage)
by means of direct grants, tax benefits for capital investment, tax advan-
tages for savings on potential operating costs, conservation of resources,
and in general, on improved efficiency. This, in turn, could become
instrumental in the technology transfer process [11-9]. It could
identify the market place in terms of the technical, economic and other
problems of potential users, suggest approaches to solve these problems,
select promising technologies in terms of product characteristics,
performance, patentability, anticipated costs and benefits, marketability,
and alternative tradeoffs.
In practice, the "market concept" has often had narrow and
short-run objectives. The tendency has been to define the market and its
potential too specifically. Expanding it more broadly, firms can
benefit by taking into consideration the long-run benefit to the
consumer/customer and to the society rather than the short-run consumer
wants (or the creation of these). In times of excess demand and/or
shortages of supply, marketing strategies of price, product, channels
and promotion may also be used to realign the general demand or specific
segments of it and provide other alternatives [11-101. Of course,
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many business executives and economists disagree on the role of the
firm and its social responsibility.
Regardless of the point of view, Government policies,
regulatory agencies, special interest groups, public opinion, market
saturations for many products, approaching market saturations for
others (for example, some appliances), attitudes toward advertising
and packaging, rising labor and materials costs, declining profits,
concern over more efficiency of products in terms of energy use(life-time value), economic growth, population growth, increasing
housing needs -- indicate new problem areas and provide new marketing
opportunities in solving them. At the same time, these factors may
change the present institutional structure, set new priorities, create
new needs, tastes and preferences.
For example, possible new price structures on energy
resources may displace or reallocate their use sectors and consumption
patterns (effects of price elasticities, substitutes, transportation
costs). This in turn may have various regional growth consequences.
According to some of the projections [11-11], GNP/capita will rise to$15,400 or $18,100 by 2030 (if fertility is at 2.8 for the former and2.1 for the latter). With higher income, higher standard of living,lower dependency rate (due to declining population growth), increasinginvestment, changes in technology (increased annual improvements of2%), fewer working days (1.5 less working days/year for the next 30 years),
new marketing opportunities are inevitable.
Since many of the social costs (market externalities) will beinternalized resulting in higher prices, applications of solar energy(with minimum negative environmental impacts) may provide desirable
and competitive options for many firms (new rate structures on conventional
energy sources). Often, for various reasons, such as intensive capital
structure or slow adoption process, many new products are not profitable
in the introductory stages. However, in view of the long-run considerations
of social benefits, monetary returns and corporate image should be
considered.
Of vital importance in the expansion of a market is the
channel of distribution and reliable product standards. If there are
very many manufacturers (for example, in 1967 there were 20,806
appliance manufacturers, 27,162 hardware manufacturers, and 42,472 building
materials manufacturers--of which, many were directly or indirectlyinvolved in the manufacture of components or entire heating and cooling
systems) [11-12], standardization of the components and systems becomes
of vital importance. Another consideration is the number and thetypes of different components and systems, as required by different
customer needs, in terms of building types and climatic areas. Inthe case of combined systems (solar with conventional) additional
problems over design, reliability, maintenance, and others may arise.
In addition, in the case of the channels of distributionfor solar heating and cooling equipment, in 1967 there were 4438wholesalers and agents of plumbing and heating equipment, and 2686
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handling air conditioning equipment (these include also manufacturers,
sales branches and offices) [11-13]. For solar equipment, these same
intermediaries in the channel may also be considered. Much of this type.
of equipment could also be sold directly by the original equipment
manufacturer to the large customers in the construction industry.
Another area for consideration is that of service. Should the
service structure consist of the manufacturers, utility companies or
distributors? Conditions of sale may be the determining factors.
Since the initial cost of the equipment may be too high for the builder
or the honeowner, the equipment could be leased and serviced by the
manufacturer or the utility. Guarantees, warranties on the initial
equipment, individual components and replacement parts would be necessary.
This, in turn, would require rigorous standards.
Depending on the equipment, that is, whether it is to be
an integral part of the building or can be individually installed,
different channels and service structures will be required. In both
cases, service outlets may be established by the manufacturers,
utility companies, and distributors (for example, Sears has a very exten-
sive service structure for its appliances and other products). In the
case of individual installation, the degree of complexity will determine
the extent of this type of a channel (for example, this has been a
prevailing problem in the electronic garage openers).
Construction Industry. Projections about future population, housing
and energy needs point heavily toward favorable marketing opportunities
for heating and cooling equipment, with a possible significant displace-
ment by solar equipment.
Each type of housing may have unique requirements in terms
of land-use patterns and equipment needs. Physical and economic factors
will predetermine its ability for integration into the total design,
for example, weight and roofing requirements, material properties,
initial and operating costs, aesthetic considerations and others. In
addition, weather conditions will affect the type of construction and
comfort requirements.
Different elements go into the decision-making process in each
sector of the construction industry.
For example, trade unions, predominate among the labor
involved in the construction of both one-unit and multi-unit housing.
Installation practices are traditional. Depending on the product,
will it change the practices, require different skills, be more or
less labor-intensive? Price range of different housing types may also be
a determining factor for acceptability of new equipment, and, thus
predetermine the type and size of market sector and the appeal for its
promotion.
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Another characteristic of the one unit and multi-unit
housing is their cyclical and seasonal nature.
Another determining factor for the acceptability of solar
equipment (which may influence its cost) is mass-production, that is, to
what extent it will lend itself for mass-production and mass-installation.
For example, the mobile home construction lends itself to mass-production, and
also, through factory inspectionavoids certain local codes. Would
the solar equipment be suitable for the mobile home industry? This
particular industry is projected to continue to grow.
Solar equipment has to meet the various building code speci-fications as contained in the National Fire Protection Association,
American Insurance Association, Basic Building Code, Uniform BuildingCode, Underwriters Laboratories, and many others [11-14].
The homebuyer usually plays a passive role in the decision-
making process for heating and/or cooling equipment. In the case of
speculative construction, cost is of the utmost importance. In this
sub-market, the contractor, upon the advice of his engineers and
architects, decides on the equipment. In this case, the buyer has no
choice in the initial equipment. Also, ma.ny buyers want to avoidinitial increases in cost, and choose later additions or alterations
to the home, for example, window air-conditioning units instead of
central air-conditioning [11-15]. Even though the installation of
central air-conditioning is increasing in new residential construction,
especially in the more expensive homes, its use is not very extensive
at this time. A buyer of a custom home makes the final decision,however, in this case he is also influenced by the architect, engineer
and the contractor. This shows that the final consumer has little or no
choice in the final decision. In the case of the custom-homebuyer,
where initial cost may be a factor, an emphasis on the desirability ofthis equipment could be made. Advertising appeals to the energy
conservationist, ecologist, prestige seeker, economic decision-maker
could be made. The economic decision-maker could be approached with
an appeal of operating-cost savings and savings over the life-span
of the house.
Both the homebuilder and the homebuyer may need more "directed"incentives. A more favorable tax structure to reflect higher capitalinvestment, cost savings on operations and resource conservation should
be encourages. Other promoting factors could be in the form of subsidized
loans, by the Government, and channeled through the various public,
semi-public and private financial institutions (banks, savings and loan,
mortgage companies and others). Changes in building codes and equipment
standards, to reflect our changing national needs and priorities
could also be beneficial.
Apartment builders are also very cost-conscious, especially,builders of small apartment buildings. In large apartment complexes,higher initial capital costs are easier absorbed by the tenants. Eventhough heating and cooling are inherent amenities in all construction,the actual selection is influenced by the advise of an engineer and/or
architect. Among the small builders it is more common to have window
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air-conditioners. Central air-conditioning systems seem to be more
practical in large buildings.
Since there is a possibility that combination systems (solar with
conventional) will be more feasible for some building types and in some
weather conditions, compatibility of the solar equipment to this
combined system and to the building design becomes crucial. Another
point to remember is that present zoning regulations and land-use patterns
will determine the height of buildings and their location. Therefore,
physical characteristics of the building, weather conditions, climatic
areas, and various obstructions will delineate this market segment.
Similar incentives, as in the case of residential builders,
should be provided to this sector. Mass education, advertising and
salesmanship directed at the influencing groups, such as the engineers
and architects, labor union leaders, regulatory agencies, should be
encouraged by the Government, various professional groups, materials
manufacturers, equipment manufacturers and the associations. In
addition, mandatory changes in building codes/standards and changes in
the tax structure could be significant motivational factors. For
example, the Department of Interior and the National Bureau of Standards
have been studying various energy conservation methods. This information
will be available to architects and engineers.
Another influencing group has been the National Conference of
States; they have asked the National Bureau of Standards to study the
energy conservation requirements and recommend performance standards.
Tax structures should reflect savings on costs of operation and
conservation.
To determine the market potential or displacement potential
by solar equipment in areas other than residential housing becomes
more abstract. Since the figures do not project nor show actual
buildings in areas such as religious buildings, office buildings,
hospitals or any other multi-purpose buildings, only very general
observations can be made.
Commercial or industrial buildings usually follow population,
construction and general economic trends. They are built for the
owner and user of the building, for a leasee, to his specifications,
or for investment purposes, that is, renting or leasing for multi-
purposes after the building is built.
Capital costs are important in this sector. However, different
motivational factors are involved in this sub-market. Rents in commercial
buildings, for example, in shipping centers, are usually based on
sales potentials of the centers. In industrial buildings, along with
depreciation considerations, savings in operating costs are also important.
In these cases, energy inputs are either a part of the final product or
part of the overhead costs. With possible changes in the. rate structure
of the utilities, or shortages of energy resources (nationally and
regionally), use of solar energy may be a desirable alternative.
Public construction is also very sensitive to cost. There is a
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distinction between the private and public sectors in terms of tax
incentives, that is, on capital investment and cost savings. Private
investors discount considerably possible operating cost savings because
they are 100% deductive from revenues for income tax purposes, while
only a portion of capital costs can be recovered each year through
depreciation deductions. The government could select a number of different
multi-purpose building types, in various weather regions, for the
demonstration of the application of solar heating and cooling equipment
(for explanation of such buildings sponsored by the government and the
Audubon Society, see Section 11-3). It is not recommended for public
housing. This sector may resent being used for experimental purposes.
It is suggested by some scholars of the innovation process [11-16]
that once the results of an innovation (proven benefits) become
visible, the acceptance process is simplified.
Since the final user or the builder, without any special
incentives, usually is not very receptive to this initial trial state,
public and commercial buildings could form the first sub-market for
the application (for example, air-conditioning was first demonstrated
in public and commercial buildings before its acceptance as an appliance
in the home).
In the past, innovations in the construction industry have
come in the materials and components. Even these were slow in adoption,
as for example in the cases of waterproofing of basements, electrical
switches, plastic sheated electrical cables and many others in the
areas of plumbing, insulation and design. However, less impact has
been in a complete dwelling construction technique because of high
costs and risks of pay-offs [11-17]. The interest has been mostly
in convenience and appearance, and less in efficiency.
Also, the fragmented nature of the market and the supply
makes it more difficult for a new application or innovation to be
accepted. Both the horizontal and vertical structure of this industry
complicates the entire diffusion process. For example, in 1967 [11-18]
there were 156,400 general contractors (this number includes also ones
without payroll), 78,190 plumbing, heating and air-conditioning contractors,
2,831 architectural firms, and 3,970 engineering firms. The largest
builders, for example, Levitt and Sons, U. S. Home Corporation, had
less than 1% of the market in 1970. Of course, there has been some
move to conglomerate mergers, for example, ITT-Levitt, Inland Steel-
Don Scholz and others [11-17]. This will have some influence
on the industry's structure and channels of information-flow.
As was previously suggested, the construction industry is very
cost-conscious. With rising interest rates, labor and materials
costs, difficulties of obtaining low down-payment/long-term mortgage
loans, it is looking for cost saving innovations. However, various
institutional obstacles (codes/standards and industrial structure),
and resistances from the unions, builders, designers, buyers and regulatory
agencies -- make it a very complex process. Even with cost reducing
innovations, some directed "push" is needed. For example, in the case
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of the plasticsheathed electrical cable, the Department of Housing and
Urban Development was instrumental in its acceptance in California for
public housing.
According to one author [11-9], an increase of $100.00 in the
price of a house disqualified 15,000 families from obtaining a mortgage
loan. Even with this consideration, savings in the cost of construction is
not necessarily accepted automatically. In one case, the Urban
Development Corporation of the State of New York was responsible for the
change of electrical switching systems in an attempt at reducing costs.
This discussion indicates that cost competitiveness is not
always a deciding factor in the initial states of the product's
"life-cycle". However, without this advantage, an innovation will
receive even more resistance, unless incentives for energy conservation,
life-span operating efficiencies, protection of the environment and other
social costs are implemented by the various influencing groups (as
was suggested in the previous discussion) and given a direct incentive from
the Government.
Utilities Industry. Decision-making in the utilities industry has
been short-run market-oriented. It has looked at first-order effects of
economic activities, that is, by offering energy at low prices to the
users. Lately, the public concern has been shifting toward the long-
run social effects rather that the short-run consumer benefits.
Since the industry has been very capital-intensive, marginal
costs were considered to be minor in relation to total costs. The practice
has been to look at marginal costs for pricing rather than fixed costs.
Since the rates are set on an expanding demand ("cost plus"), there were
few incentives to conserve. The incentives on rates and investments
encouraged the industry to overproduce and overinvest.
With increasing financial difficulties for some utility
companies (in refinancing of long-term bonds, issuing new ones and
raising working capital) and rising peak demand loads--there could be a
possible submarket for solar equipment--that of a "supplementary"
equipment market for peak demands. The equipment could be leased and
serviced by the industry. Extensive service capabilities exist in this
industry. With retraining, the same service structure could be employed
(of course, this awaits rigorous design standards from the manufacturers,
professional/technical groups and associations). Leasing and servicing
of the equipment by the industry could speed up the acceptance process
and expand the consumer market. As was previously suggested, since
the consumer market traditionally is not the "pioneering" market [11-15],
at least where technical, economic and other benefits have not been
demonstrated, public buildings offer a better potential for demonstration.
In general, there is a need to study the capital markets and
determine whether the capital markets cater adequately to high-risk
technical ventures, including ones that might be transferable to new and
more marketable environments in the future.
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Consumer Market. The most important consideration in the acceptance of
a new product is to identify the need (or create a need) and satisfy it.
"Degree of acceptance and practical use of the need is the best measure of
the need for it" [11-19]. Many critics of advertising, packaging, pro-
liferation of products and "planned" obsolescence of products, will not
agree with this statement. They claim that this is a short-run considera-
tion. The preservation and enhancement of the quality of life should bethe long-run objective.
In reference to the first point, the acceptance of a new idea,
technique or product will depend on its cost/price, available alternatives,
convenience, prestige factor, appearance, efficiency, side effects, gov-
ernment policies, purchasing power, its share of the total expenditures,
advertising, time and other quantitative and qualitative factors. Some
of these are marketing strategies, planned by business executives, others
are aspirational factors of the individual. However, all are interacting
with each other.
According to one diffusion model [11-16], the presence or lack
of factors, such as, cost/economic returns, complexity of installation,
maintenance or use, visibility of its benefits, application on a small
scale, compatibility with accepted or changing lifestyles 
-- will speed
or slow down the process of acceptance. Does the solar application pass
some of these requirements? Each aspect may be evaluated and conclusions
may be formed by the reader in reviewing the different sections of Terrastar.
Technical uncertainties and economic and social risks -- place the
consumer in a "passive role" [11-15]. The consumer wants to see certain
benefits, whether they are in terms of prestige, social standing, conser-
vation ethic or cost savings -- initial or overall. Therefore, utilities
and the Government could act as the "change agents" (innovators) in the
initial stages. The government could be instrumental through tax incen-
tives and the utilities industry through leasing and servicing of equip-
ment.
There have been many studies attempting to identify the "key"
innovators, "change agents," and "early adopters." Additional research is
needed in this area. Specifically, in solar applications it would be verybeneficial in the development of marketing strategies to identify the
"profile" of the "key" innovators and influencers. This would enable one
to identify the perception of the innovation, aid in the development of
mass advertising to increase awareness, arouse interest, provide informa-
tion, suggest accessible demonstrations and encourage trial applications.
Since the need for comfort (heating and cooling) already exists,
the creation of a need for displacement by solar equipment is necessary.
This may come from increased public awareness, conservation ethic, con-
struction industry, manufacturers of the equipment and the Government. In
addition, increased prices of utilities (because of shortages and possible
reconstruction of the industry) may give an economic rationale. Tax
advantages on life-time cost-saving devices (considering the initial in-
vestment, interest rates and opportunity costs) and recognition of this
by the lending institutions could make the application more marketable.
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The assumption has been made by many that demand for utilities
is price inelastic. In fact, until recently it has been quite elastic to
the promotional efforts of utilities and appliance manufacturers. Of the
total expenditures, consumers spend less than 5 percent on utilities and
gasoline. This, of course, varies somewhat by regions and family income
levels. However, recently economists [11-20] indicate that this may not
hold in the future because of increasing prices. An important considera-
tion in this analysis is the time element for adjustment and alternatives.
Since the household market consumes 23 percent [11-21] of the
total energy, with an increasing share [11-22] provided by gas, oil and
electricity, for example, from 1950-1970, the share for natural gas rose
from 2.4 percent to 10.7 percent, and for oil from 4.4 percent to 9.2
percent, changes in this industry may force reallocation of different
primary energy sources, sectors of consumption, and, in turn, population
movements, housing growth, and commercial and industrial development.
The population and housing Census does not predict the future, rather
they project, making assumptions about mortality, immigration and fertility.
To analyze the population and housing projections one has to
consider the question of the effects of energy prices and changes in the
structure of the industry. Important bases for analysis are regional
distributions of population and housing, climatic variations, labor and
material costs, zoning and housing codes (for example, high rise vs. low,
multi - vs. single-family units), environmental conditions (for example,
pollution) and behavioral factors of the decision-makers.
Regional studies could suggest potential areas for displacement
of conventional sources by solar energy. Of course, future developments
have to be forecast, in order to study the various impacts on solar
energy applications. For example, reducing air pollution by means of
public transportation systems, movement of industry away from concentration
areas (because of costs, environmental pressures, or government policies),
overpopulation of certain cities, shortages of land for expansion and
many others, may indicate a number of "crises" areas for displacement by
solar energy. These considerations and decisions may be motivated by
reasons other than cost alone.
In summary, there is a need for long-term studies of the specific
and broader aspects of solar application and its costs and benefits for
the industry and for society. Factors such as motivations, incentives and
implications of the policies of the firms, industries and the government
should be studied.
11-10. CONCLUSIONS
The strategy outlined is not complete but does suggest the next
steps in the path toward SH/CB. There are many opportunities for research,
development and analysis by governmental agencies, educational institutions,
industry and foundations. A strategy is required to give each of these
efforts a focus.
The strategy presented here may not be the ultimate strategy
agreed upon, but it is presented as a catalyst.
//- $7
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PART IV. CONCLUSIONS AND RECOMMENDATIONS
The conclusions and recommendations given here were adopted by thegroup as a whole after thorough consideration and discussion. Those con-clusions which apply to the total energy picture are presented first, followedby those which apply specifically to the solar heating and cooling of build-
ings. The recommendations presented last apply to the total energy picture.
Conclusions
o The long-term rate of growth in U.S. energy consumption mustbe slowed down. The nation cannot and should not sustain an
exponential growth in energy usage.
o An energy crisis will occur if the country experiences expon-
ential growth in energy consumption in the future.
o Governmental organization and policies, or lack thereof, have,to a significant degree, contributed to the current energyproblem.
o Many industries do not utilize energy as efficiently astechnologically possible due to the current relativelylow cost of energy.
o Conservation of energy must become the concern of all citizens,
industry and government.
o Fossil fuels should be conserved for non-energy uses.
o The growth rate in electrical power usage is significantly
greater than the growth rate in total energy usage. Particu-lar emphasis should be placed on reducing the growth inconsumption in this sector because the energy conversion losses
are high.
o The United States should pursue the research and develop thetechnology necessary to provide a variety of energy resource
options.
o Solar or geothermal energy, coal gasification and liquefactionand the breeder reactor cannot contribute significantly to theenergy supply market until 1985 at the earliest and thus theywill not solve the near-term crisis associated with current
exponential growth.
o Solar energy has vast potential as an energy resource for the
world. The combined characteristics of inexhaustibility and
relative freedom from pollution make it an ideal energy
resource.
o Solar energy can be utilized in virtually all regions of the
United States.
o R&D in the solar energy field has been relatively uncoordin-
ated, often poorly documented and under-funded in the past.
o Solar insolation data collection in the past has been inade-
quate for solar engineering.
o Comprehensive design procedures for solar energy systems are
not available.
o Solar cooling of buildings to present U. S. comfort standards
is not a demonstrated concept at the present.
o Maximum impact of solar heating and cooling will only be
realized in energy-conserving buildings.
Recommendations
To slow the growth of total energy consumption in the United
States it is recommended that:
o The Federal government adopt a national energy policy which
has as one of its main objectives reduction of the growth
rate in energy consumption. This objective should be sought
primarily through education and economic incentives, but
also, where necessary, by direct controls.
o The country adopt an energy and natural resources conserva-
tion ethic. This ethic should be promoted by government,
industry, educational insitutions and technical societies.
Adequate funding to fulfill this educational mission should
be provided.
o Individuals and agencies who are involved in the design of
buildings should endeavor to make them more energy conserving.
Government agencies such as FHA, HUD, NBS, and GSA should
lead the way in this endeavor. Architects, engineers, and
manufacturers should urge modification to building codes where
needed to promote this concept. Colleges and universities
should train the technical personnel needed to aid in the
design of such buildings.
o Appropriate regulatory agencies consider progressive energy
rate stuctures which establish higher rates for energy used
in excess of certain levels. These levels should be determined
on an end-user basis. Also, the rate structure should
encourage the use of off-peak electrical energy.
To promote the utilization of solar energy it is recommended that:
o The Federal government fund solar energy to the extent pro-
posed in the 1972 NSF/NASA Solar Energy Panel report at least
to the first decision point for each concept. This would
require from 50 to 88 million dollars per year for approxi-
mately four (4) years. Continued funding should be contin-
gent on evaluations at those points. A decision should be
made at that time on which concepts should receive further
R&D funding.
o Educational and governmental agencies acknowledge solar energyfor its great potential as a major energy source of the
future and promote the recognition of this fact.
o The Federal government establish a national Solar Energy
Commission to identify and mobilize support from those in-dividuals and groups interested in the growth and development
of solar energy utilization.
o The Department of Energy and Natural Resources (DENR) should,in conjunction with other appropriate government agencies,
set up a study group to determine what combinations of public(governmental) and private (industrial) innovation will bestpromote the utilization of solar energy.
o The Federal government undertake a full marketing study todetermine the market potential of solar energy systems in the
United States and to ascertain the barriers to their accep-
tance by the American people.
o The Federal government should sponsor a comprehensive study
of solar insolation data collection and analysis for engineer-ing use to determine the types of data to be collected, the
locations at which it should be collected, and a data format
adapted to the design of solar facilities.
o The technical and professional societies formulate and publish
solar energy systems design procedures and handbooks.
APPENDIX A. ACRONYMS, ABBREVIATIONS AND DEFINITIONS
A-1. ACRONYMS AND ABBREVIATIONS
A/C, A.C. - Air Conditioning
AC 
- Alternating Current
AEC 
- Atomic Energy Commission
ASHRAE 
- American Society of Heating, Refrigerating and AirConditioning Engineers
DC 
- Direct Current
DD 
- Degree Day
EGM 
- Extrapolated Growth Model
EPA 
- Environmental Protection Agency
FPC 
- Federal Power Commission
GNP - Gross National Product
GSA 
- Governmental Services Administration
H/C - Heating and Cooling
IECEC 
- Intersociety Energy Conversion Engineering Conference
JSC 
- Johnson Space Center
MAS - Massachusetts Audubon Society
MHD - Magnetohydrodynamics
MIT 
- Massachusetts Institute of Technology
MSFC 
- Marshall Space Flight Center
NBS - National Bureau of Standards
NASA - National Aeronautics and Space Administration
NSF - National Science Foundation
R&D - Research and Development
RGM - Reduced Growth Model
SH/CB - Solar Heating/Cooling of Buildings
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SSPS - Satellite Solar Power Station
T/O - Tradeoffs
TVA - Tennessee Valley Authority
U.S. - United States of America
ZPG - Zero Population Growth
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A-2. DEFINITIONS
Air Conditioning - Simultaneous control of air temperature,
humidity, cleanliness and distribution
within an enclosed space
Ambient 
- Surrounding
Btu 
- British thermal unit. The amount of heat
that must be added to, or subtracted from,
one pound of water to change its temper-
ature 10F
Calorie 
- The amount of heat that must be added to,
or subtracted from, 1 gram of water to
change its temperature l°C (equivalent to
3.968 x 10-3 Btu)
Constraint 
- An upper or lower limit on the system or
strategy
Criterion 
- Measure of the desired performance of the
system or strategy
Dalton's Law 
- The total pressure of a mixture of gases
is equal to the sum of the partial
pressures (individual pressure of each gas
in the mixture)
Degree-Day 
- There are as many "degree-days" in a 24
hour period as there are degrees Fahren-
heit difference between the average out-
door temperature for the day and 65 degrees
Fahrenheit. Normally used for heating
calculations only.
Demand-Price Elastic - Demand dependent on price
Demand-Price Inelastic - Demand independent of price
Ecosystem 
- The interrelationship between living organ-
isms and the non-living environment
Energy 
- Having the capability to do work
Giga 
- One billion (1,000,000,000 or 109)
Heat Pipe - Special pipe for transferring heat. A
pipe filled with a "wick" material and a
liquid at very low pressure
Horsepower (hp) - 1 hp = 2545 Btu/hr
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Hp-hr - 1 hp-hr is 1 hp being used for 1 hour
Insolation - Local total solar radiant flux (power per
unit area) intercepting a horizontal plane
on the Earth (biosphere)
Kilo - One thousand (1000 or 103)
Kw-hr - 1 kw-hr is 1 kilowatt being used for 1 hour
Kw, thermal - may be used in place of Btu when discussing
heat flow
Langley - One calorie of radiation energy per cm2
Latent Heat of
Evaporation - That amount of heat that must be added to
one pound of a liquid to change it to
vapor without a change in temperature
MBtu - One million Btu
Mega - One million (1,000,000 or 106)
One Ton of
Refrigeration - One ton of ice changed from ice at 320F
to water at 320F over a period of 24 hours
Power - Rate at which work is done
Quad - One quadrillion (1015)
Q - One quintillion (1018) Btu
Watt (w) - 1 w = 1.341 x 10-3 hp
Work - The transference of energy when a force
produces movement of a body
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HEAT FROM SPACE
TO BE COOLED/481or EVAPORATOR (COOLING COIL
Ou . OR ICE MAKER)
COMPRESSOR EXPANSION VALVE (FLOW
RESTRICTION DEVICE)
MECHANICAL WORK FROM CONDENSER (DISSIPATES
MOTOR, ENGINE, TURBINE, HEAT TO "EXTERIOR")
WINDMILL, ETC. __ HEAT REJECTED TO
PLACE WHERE IT IS
UNOBJECTIONABLE
Cooling Mode
OU INS10F CONDENSER HEAT TO AREA TOBE WARMED
COMPRESSOR COMPRESSOR EXPANSI N VALVE
EVAPORATOR
N HEAT OBTAINED FROM
OUTSIDE
Heating Mode
Figure A-1. ELEMENTS OF A COMPRESSION REFRIGERATION CYCLE
Technically any refrigeration machine is a "heat pump" as it
moves heat from a place where it is undesirable to a place where it is un-
objectionable. By "every day" definition a "heat pump" is an installed air
conditioner (space cooler) where the functions of the evaporator and con-
denser are exchanged in order to provide space heating. In less mild
climates the heating phase must be supplemented by 2 to 4 Kw of resistance
heaters when the outside temperature drops to around 20'F.
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AMMONIA. NH3
FORCED AIR
6 i n * *MOVEMENT
The Concept
*o evaporator loop is cooled as
EVAPORATOR the NH3 evaporates, absorbing
RERG AREA its latent heat of evaporation
REFRG. AREA
The Concept, absorber added to
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APPENDIX B SUMMARY OF SPEAKERS' SEMINARS
A summarization of each talk given by the various guest speakers
during the course of the 1973 Summer Faculty Fellowship Program is given in
this appendix. Little attempt is made to quote the remarks that were made
by each speaker and in many instances the opinions of the faculty fellows
are woven into the fabric of the summary. The summaries are arranged in
chronological order.
SOLAR ENERGY SYSTEMS
Erich A. Farber
Professor
Department of Mechanical Engineering
University of Florida
Gainesville, Florida
Dr. Farber divided his presentation into three general areas:
(I) introductory remarks on the energy situation in toto and solar energy
in particular; (II) flat plate solar energy collectors; and (III) solar
energy concentrators. Dr. Farber's comments are summarized in outline
form as follows:
I. Introduction
o We must look objectively at the whole problem of solar energy
conversion.
o By making good use of all of our available resources, we can
maintain our high standard of living.
o The energy crisis is really just another problem to be solved.
o Solar radiation is the only incoming, inexhaustible source of
energy.
o The main energy sources for the foreseeable future will be fossil
fuels and solar radiation. Nuclear energy will probably be only
significant in large metropolitan areas, unless the fusion process
can be controlled and developed.
o The energy planning curve shows exponential growth which will
result in serious trouble for us and mankind by the year 2000.
Obviously this growth must be either stopped by us or it will
be stopped by nature.
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o Presently, energy comes from the following sources:
1. Coal 50%
2. Oil and natural gas 35%
3. Farm wastes 10%
4. Wood 4%
5. Misc. (incl. nuclear) 1%
Note that some nuclear wastes must be stored for
250,000 years or otherwise disposed of safely.
o Energy is distributed among many users which can be categorized
as follows
1. Industry 30%
2. Transportation 25%
3. Utilities 23%
4. Residential 22%
o One should consider the total energy picture; for instance, if
we did not make insulation, but instead let the heat leak out
(or in), we would be ahead in terms of total energy. It was
stated that it takes more energy to make insulation than is
saved by installing it in a house for 30 years. The home owner
does save more money in utility bills than the insulation costs
over the 30 year period.
o The windmill is an example of an adequate energy source that
was not manufactured and improved to meet an energy demand, thus
forcing the farmer to depend on Rural Electrification.
o The average person in the U.S. uses 600,000 Btu of energy per day.
o Costs for fuel runs from $0.005 per kWh for fossil fuels to $12.40
per kWh for caviar.
o The use of fossil fuels for energy is just a narrow spike when man-
kind's energy needs are considered on a time scale of many centuries
starting with the year 1900.
o Solar energy does not pollute the environment, which from the en-
vironmental standpoint is very important.
o About 1 hp of solar energy falls on 1 sq. yard of surface area on
the Earth. Two to three times more energy falls on the average
roof top than can be used inside.
o Solar energy use does not require large central stations, instead,
energy can be made available at the point of use.
o Radiation energy from the sun arrives at a surface in two ways:
1. Direct rays where the energy can be concentrated. This only
occurs, in large quantities, on clear days.
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2. Diffused radiation where the energy cannot be concentrated
by lens. However, energy in this form is available on cloudy
days.
II. Flat Plate Collectors
o Flat plate collectors can effectively utilize both direct and
diffused solar radiation.
o One of the properties of material used in solar energy conversion
is that it must be able to withstand the outside environment. Dr.
Farber stated that glass makes the best collector. (A good coll-
ector passes the short wave length energy associated with heat.)
NOTE: Iron content in glass (visible by a green color in the edge)
limits its transmission capabilities.
o Efficiency is not a real factor in solar energy generation. A
Solar Calorimeter can be used to measure reflection, absorption,
and transmission characteristics of various materials under actual
solar irradiation.
o Paint absorption characteristics are important. A green paint was
found to be better than black in conveFting solar insolation into
thermal energy.
o Normal cloud cover has little effect on the amount of solar energy
reaching the Earth's surface even though the radiation is more of
the diffused type.
o In the colder northern latitudes, two glass plates should be used
in the solar-to-thermal flat plate converter in order to cut down
on heat losses.
o The solar converters described by Dr. Farber are inexpensive and
easy both to construct and to mass produce.
o The thermal energy in hot air can be stored by passing the air
through crushed rock, or hot water can be stored in an insulated
water tank.
o Solar energy can be used to distill water.
o Cooling by using solar energy can be accomplished by the absorp-
tion cycle.
III. Solar Energy Concentrators
o Concentrators use only the direct rays of the sun.
o Concentrators yield higher temperatures, but have more losses.
o A Fresnel lens yielded a temperature of 2,0000 F.
o Cottonseed oil used in a parabolic heat unit reached a temper-
ature of 9000 F at a flow rate of 2 ft/min.
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o There are many ways of making cheap parabolic or near-parabolic
shaped mirrors.
o A searchlight reflector was used to reach a level of 25,000
times natural sunlight. This is thought to produce a temperature
of approximately 8,0000 F.
o Heating materials in a device that concentrates solar radiation
has the advantage that the heat is located at a point or area,
which means that nearby areas are not subjected to the high heats.
o Solar energy to mechanical energy conversion methods include:
1. Windmills
2. Steam engine (flat plate collector using Freon)
3. Hot air engines (or heat engines)
a. $12 to produce such an engine
b. 0.2 brake hp (depends on the size of the mirrors)
4. Water pump with no moving parts (uses check valves)
o Solar cells are too expensive and the theoretical limit to their
efficiency is about 22 percent.
o The University of Florida has a solar house with graduate students
living in it. It will eventually derive almost all of its energy
from the sun.
1. Hot water is generated using a 4 ft. by 12 ft. solar converter
with the water stored in a 100-gallon tank.
2. Heat for the house is supplied by a 270 square foot (at about
$2.50/sq. ft.) solar panel and a 3,000 gallon storage tank.
3. Cooking will be done by the addition of a solar-heated oil
unit.
4. Projected installation costs of such a system is about 2 1/2
times the cost of conventional equipment.
o There are over 40,000 solar water heaters in Florida and some of
them have been in use for the past 40 years.
o Present lead-acid batteries are designed for high current operation
over a short period of time, while, for the electric car, they should
be redesigned for low current operation over a long period of time.
o Geothermal energy sources may be significant as far as steam power
plants are concerned; also, the steam is not very clean.
o There are several reasons, at the present time, why people do not
make wider use of solar energy.
1. People are not aware of the potential and possible uses of
solar energy.
2. Many systems and components are not commercially available.
3. Contractors are not interested in the operating costs of the
devices they install; rather, they are interested in low
initial costs.
B-5
Dr. Farber concluded his presentation with the remark that solar
energy should be used to supplement, not replace, present energy sources.
As an ideal reference for Dr. Farber's presentation see "Solar Energy Re-
search and Development at the University of Florida Solar Energy and Energy
Conversion Laboratory" by Dr. Erich A. Farber.
SOLAR ENERGY AT MSFC
Georg von Tiesenhausen and
Walter Whitacre
PD-SA, MSFC
Huntsville, Alabama
Mr. Georg von Tiesenhausen addressed the following points:
A. Review of Solar Energy Concepts
1. Solar Cells - Arrays presently cost $600/ft2 and $40/watt;
need to reduce this to $1/ft4 to be competitive with existing
energy sources.
2. Solar Farm - a 60 x 60 mile 2 area.in the Southwestern part
part of the U.S. can provide all of the projected electrical
needs of the U.S. in 1985 at a cost of 7 to 50 mills/kWh; cost
of collectors will probably be from $300 to$2,000/kW.
3. Hydrogen Generation by Electrolysis - It is cheaper to trans-
port hydrogen across country than to transport equivalent
amount of electrical energy.
4. Bioconversion to Fuels - Oil, methane, and hydrogen can be
obtained from the bioconversion process.
5. Photolysis - Use plants to breathe (expel) hydrogen.
B. Main Subsystems (common to any solar conversion process)
1. Energy Collector
a. Flat Plate to get 2000 to 3000 F for heating and cooling.
b. Parabolic Cylinder to get up to 10000 F for driving a
steam turbine.
c. Dish Parabola to obtain temperatures of several thousand
degrees for reducing metals, chemical reactions and gas-
ification of coal.
2. Energy Transport Medium
a. Use water for temperature ranges from 2000 F to 3000 F.
b. Use salt solution or special fluids with a low vapor
pressure for temperatures up to 10000 F.
c. For temperatures of several thousand degrees use energy
on location, do not attempt to transport.
3. Energy Storage
a. Pick material as a function of temperature
b. Use proper phase change temperature for eutectics.
4. Solar Energy Should be Interfaced with other Fuels
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C. Summary of Major Technical Problems to be Solved
1. Thermal Energy
a. Low-cost solar powered air conditioning.
b. Combined cooling and heating.
2. Electric Power Generation
a. Low-cost solar collectors, heat transfer and energy
storage.
b. Low-cost photovoltaic cells.
c. Being able to utilize a power source with a variable
output.
d. A low-cost, low-pressure and low-temperature turbine
system.
3. Renewable, Clean Fuels
a. Low cost.
b. Efficient production, collection and processing of
organic materials.
c. Optimization of conversion process for different feed
materials and desired end-product fuels.
D. Miscellaneous Information
1. Solar Cells
a. On earth cost is more important than in space.
b. In space size, efficiency and reliability are more
important than on earth.
c. Abrasion protection must be provided on earth.
d. Higher operating temperatures in space, less energy
available per unit area on earth.
2. Heat Pipes
a. Closed system.
b. Based on capillary action.
c. Length and diameter are limited.
3. SSPS (Glaser)
a. Transmits 10 cm microwaves because earth's atmosphere
is transparent to this wavelength.
b. Need 500 space shuttle trips to get in place (expected
shuttle lifetime is 100 flights).
4. Solar House Operating Experience - using 50 percent solar
power, ttal costs for heating and cooling average $26/mo.
(1600 ft house).
Mr. Walter Whitacre commented on the following:
A. NASA Proposed House
450 pitched roof covered on south side by flat plate collectors
B. Electric Power
1. Pilot Plant - 100 MW plant located on 10 acres, 600' x 700'
(only need 2.5 acres for collectors, 2.5 acres to eliminate
shadows, and 5 acres for future expansion.
2. Huntsville gets 2,700 hours/year sunshine on the average
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C. Phase-Change Storage
1. Dr. Lorsch at the University of Pennsylvania is doing
research in this area.
D. NASA Collector
1. Coating - o/s = 14 with 92 percent absorption (black body
has a/E 1)
2. Tedlar - used in place of glass plates. "Physical proper-
ties are better than glass, also less costly and lighter"
3. Cost - $1/ft2 for total collector
E. Miscellaneous Information
1. Seattle Power and Light is considering building a solar
generator
2. Kraft Ehricke's scheme is mentioned as an alternative to
Glaser's scheme - both use synchronous satellites
NSF OVERVIEW OF SOLAR ENERGY
Dwain F. Spencer
Program Manager
NSF/RANN
1800 G. St. N.W.
Washington, D.C. 20550
Mr. Spencer's presentation was divided into three main areas:
I. The NSF terrestrial solar energy program,
II. Considerations in defining the role of solar energy systems,
III. Solar heating and cooling of buildings 
- status summary.
Much of the material Mr. Spencer presented can be found in the December
1972 report of the NSF/NASA Solar Energy Panel (S.E.P.R.) and the RFP
73-118 dated May 10, 1973.
I. OVERVIEW OF THE NSF TERRESTRIAL SOLAR ENERGY PROGRAM
A. Background
I. Current projections of total U.S. energy demands indicate
a need for 150 to 300 x 1015 Btu/year by the year 2020.
2. 50 percent projected increase in energy demands will be
supplied by nuclear power and the rest by fossil fuels.
3. Some considerations which must be brought into energy
planning are:
a. Use of energy resources should be considered on a
regional rather than national level.
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b. Peak load energy is normally much more expensive than
base power; therefore, NSF considers solar energy as
one way to address the problem of peaking power (par-
ticularly over the short term period from the present
to 1985).
c. The federal government requires each new power plant
to develop an Environmental Impact Statement.
d. Health and safety factors must be considered.
e. Depletion of natural resources must be realistically
planned for.
f. Increasing dependence on imports of gas and oil will
be required.
g. The standard of living embraced by the citizens of a
country is the primary factor in determining the energy
requirements that are necessary to meet these standards.
B. Why Use Solar Energy?
1. Virtually inexhaustible supply
2. Widely distributed
3. Minimum if not nil environmental stress
4. Saves fossil fuels for alternative uses
5. Contributes to improved balance of trade:
a. No longer importing fossil fuels.
b. Exporting solar devices.
c. Competitive "fuel costs".
C. Broad Objectives of NSF Terrestrial Solar Energy Program
1. Define the energy demands and regions of the nation (world)
in which solar energy offers a viable energy source option.
2. Decide the fractional level of total energy demand which
solar energy can provide as a function of time and type
(thermal, electrical, chemical, etc.)
3. To conduct research, systems studies, and proof-of-concept
experiments in technical-scientific, socio-political, eco-
nomic and environmental areas and to verify the feasibility
of and to stimulate solar energy utilization.
4. The interest areas for Solar Energy Application in NSF are:
a. The heating and cooling of buildings
b. Electrical power generation by:
I. Solar thermal energy conversion
II. Photovoltaic conversion
III. Ocean thermal conversion
IV. Wind Conversion
c. Fuel production and conversion
I. Production and collection of organic materials
II. Conversion to fuels (such as the electrolysis of
water into hydrogen and oxygen)
D. Goals of Solar Energy Applications by 2020 (Include Supplying)
1. 35 percent of the total needs for the heating and cooling of
buildings
2. 30 percent of nation's gas fuel
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3. 10 percent of nation's liquid fuel
4. 20 percent of nation's electric energy
E. Solar Energy Budget Within NSF
FY 1972 FY 1973 FY 1974
(Actual) (Approx.) (Requested)
Solar Energy for Buildings 0.10M 0.80M 3.00M
Solar Thermal Conversion 0.55 0.85 3.30
Photovoltaic Conversion 0.33 0.45 1.40
Conversion of Organic Materials 0.20 0.70 2.00
Photosynthetic Production 0.15 0.30 0.70
Other Solar Energy Technologies 0.14 0.40 1.20
Assessment and Program Assistance 0.19 0.30 0.60
$1.66M $3.80M $12.20M
II. CONSIDERATIONS IN DEFINING THE ROLE OF SOLAR ENERGY SYSTEMS
A. Model of Solar Energy Conversion System
1. Must relate to existing systems for particular region.
2. Demand projections are soft in that one must take a more
realistic approach to the forms of energy that will be
demanded in future years.
3. Insolation which is the amount of flux of solar energy
falling per unit area of ground must be more accurately
determined on a regional basis.
4. Multi-purpose and hybrid systems should be considered.
B. Objectives and Scope of Studies
1. Formulate a methodology to evaluate alternative solar
energy conversion missions/systems.
2. Assess the potential role of mission of solar energy
conversion systems and identify those missions of
greatest potential.
a. Types of energy
I. electric service only
II. combined electrical and thermal energy services
b. Geographic region
c. Time period (1980 to 2000 is considered to be realistic)
3. Provide a basis for selection of preferred mission(s) for
solar thermal conversion systems
a. Large central station generating facility
b. Municipal power plant
c. Community power plant (substation)
d. Power unit for individual building
4. Establish technical and economic bounds for system subsystem.
and component design and performance requirements which are to
be associated with the preferred mission(s).
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III. STATUS SUMMARY OF SOLAR HEATING AND COOLING OF BUILDINGS
A. Why Solar Heating and Cooling of Buildings?
1. U.S. energy usage in residential and commercial buildings
significant fraction of total energy consumption.
a. Space heating 18%
b. Hot water heating 4%
c. Air conditioning 3%
2. Technically feasible now.
3. Economic analyses indicate solar energy competitive with
conventional energy sources in certain regions of the country.
B. Heating and Cooling of Buildings Should Consider the Following:
1. Solar water heaters
2. Solar space heating
3. Solar air conditioning
4. Combined heating and cooling system
5. Combined electrical and thermal service
C. Present Status of Heating and Cooling Systems
1. Solar hot water heaters - extensive use in Florida (20s and
30's), Japan, Australia and Israel.
a. Japanese solar heater is similar to Farber's flat plate
unit.
b. Uses plastic covers which do not last (Japan).
c. Market peaked in mid-60s (Japan).
2. Solar heating system - limited to a few single family resi-
dences and test structures.
3. Cooling System Options
a. Nocturnal cooling - circulating water
b. Absorption cooling system - LiBr-H20, NH3 -H20, LiBr-
Methyl alcohol
c. Rankine Cycle - compressor refrigeration using refriger-
ants such as Freon - heat pump
d. Humidity control - desicant material - solar regeneration
D. Key Technical Issues - Summary
o Accuracy of heating and cooling load estimates for specific in-
stallations may vary 30 to 50 percent depend on materials, loca-
tion, design, etc.
o Development of techniques for accurate demand projections are
required.
o Accurate insolation data and projections (direct/diffuse, cloud
cover, etc.) are needed.
o Single unit systems or "community" level systems must be
considered.
o Fraction of energy supplied by "auxiliary" (fuel oil, gas,
electric) system vs. energy storage capacity must be determined.
B-11
o Determine building types most benefiting from solar systems and
type of solar system (by region of country) most suited for the
building.
o Integrate subsystems into combined systems.
E. Key Social and Economic Issues - Summary.
o Residential housing is extremely fragmented market in that there
are many small builders.
o Key concern by builders/bankers is installed cost not life cycle
cost.
o The public must be convinced that solar energy can be used for
heating and cooling and that solar energy devices can compete
economically with other energy sources.
o Functional vs. aesthetic design practices of architects must be
considered.
o Safety and environmental considerations must be addressed.
ERISTAR REVIEWED
Andrew C. Ruppel
Assistant Professor of Commerce
University of Virginia
Charlottesville, Va.
Dr. Ruppel divided his talk into three interrelated parts: (1) A
review of the summer 1972, ERISTAR (acronym for Earth Resources Information
Storage Transformation Analysis and Retrieval) program during which Dr.
Ruppel was a faculty participant and a project leader; (2) Personal reflec-
tions of his 1972 NASA/ASEE/AUBURN University Design Program experience; and
(3) A discussion of man's limitations as they relate to the systems approach.
Dr. Ruppel's comments on item 3 included man's selective perception,
tunnel vision, limited short term capacity and bounded rationality, and how
these bounds on man's ability in the areas of decision making and problem
solving argue affirmatively for using groups in the systems approach. Vari-
ous tools and techniques are available for enhancing group creativity and
interaction.
BIOCONVERSION USING SOLAR ENERGY
Bessel Kok
Research Scientist
Martin Marietta Company
Baltimore, Md.
I. INTRODUCTORY REMARKS
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Dr. Kok, who was a member of the Bioconversion Committee of the
NSF/NASA Solar Energy Panel, stated that there are inconsistencies in the
panel report because the report was prepared too quickly. He suggested
that the numbers in the report, especially those relating to biological
systems, are very subjective.
He emphasized that biological studies indicate that an exponential
growth model is not realistic (e.g., the Petri Dish Experiment). A more
realistic model is as indicated by the curve below:
I I
II I
-, I III I. Exponential
SI II. Linear
III. Leveling off
I I
time
He stated that man tries to get energy from smaller and smaller
packages (e.g., nuclear).
II. PHOTOSYNTHESIS
Dr. Kok reviewed in some detail the mechanisms involved in the
process of photosynthesis. The internal mechanism is understood but
apparently not well enough so that it can be controlled or modified by
man.
A good reference on basic processes related to photosynthesis was
written by Albert L. Lehninger and entitled "How Cells Transform Energy"
(Scientific American, September 1961).
III. BIOCONVERSION TECHNIQUES
Complex plants lose about 50 percent.or more of energy intake to
respiration; on harvesting about 90 percent is discarded leaving only 10
percent as food (e.g., corn kernals). Overall, agriculture gives an energy
conversion efficiency of 0.1 to 0.3. The low CO2 content (0.03) of the
atmosphere is a major contributing factor to this low efficiency.
Dr. Kok emphasized that we have to learn how to operate as a closed
system; i.e., eliminate exponential or continous growth. He also emphasized
the low percentage (0.5 percent) of energy needs which can be obtained by
burning wastes.
He then outlined the following schemes which all begin with bio-
conversion:
A. Burning of the products of photosynthesis (fresh organic
material
1. Tree plantation - he thinks the numbers for this scheme
are too optimistic
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2. Marsh vegetation - may be better than trees algae
3. Water hyacinth - he thinks this is a "hare trained" scheme
B. Burning of Organic Wastes ("via the cow")
1. Agricultural wastes
2. Domestic wastes
C. Fermentation Producing a Mixture of Carbon Dioxide and Methane Gas
1. Advantage - can be done as "wet" process and methane is not
soluble
2. Disadvantage 
- slow process, especially if one desires a high
degree of digestion; e.g., to digest half of the material may
take a week, whereas to digest 80 percent of it may take six
months
D. Advanced Concept Biophotolysis of Water to Produce Hydrogen Gas
This process is theoretically possible, but has not yet been
accomplished in fact. It requires an interruption of the
normal process of photosynthesis. Dr. Kok discussed the de-
tails of the mechanism so far as it is known. He suggested
that steady research support for about 20 years would be re-
quired to "get something that bubbles hydrogen" from this
process. A crash research program is not the way to get
something done on this problem. "Guys who make solar coll-
ectors should worry now about fly specks, whereas hydrogen
production from algae we don't know how to do, so we don't
need to worry now about dust on the cover plate of the algae."
Dr. Kok pointed out that it is very difficult to put a hard number
on any of the above schemes. He also stated that he felt the literaturelist on bioconversion appearing in the NSF/NASA panel report is incomplete
and superficial.
SOLAR SATELLITE POWER STATIONS
William C. Brown
Consulting Scientist
Raytheon Corporation
Waltham, Mass.
Mr. Brown envisages the solar satellite power station (SSPS) as
contributing to the solution of our current and long-range energy problems.
We will eventually need a new form of generating power for base load, notjust for peaking purposes.
One of the major reasons for studying the SSPS is that the solar
energy received on earth is quite dilute and is not always dependable. In
1958, Dr. Peter Glaser proposed in "Science" that we place our solar con-
verters in space so that we can avoid the poor duty cycle of the solar
insolation that is received on Earth.
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The SSPS has been studied in detail by a four-company team (A.D.
Little, Raytheon, Grumman, and Textron) resulting in an 800-page report.
The team spent over $500,000 in obtaining their results which indicate:
1. No technological breakthroughs are required
2. The economics require:
a. Production breakthrough (low cost solar cells are needed)
b. Low cost shuttle
He also mentioned that an MIT graduate course made a systems approach
study of the Satellite Solar Power Station this past year.
Mr. Brown then presented the following graph of future U.S. elec-
trical energy needs. He noted that the usage of electrical energy doubles
every ten years while the total usage of power doubles every 20 years. Part
of the justification of this prediction is that the growth rate has been ex-
ponential for the last 100 years. He feels that we need an option for the
breeder reactor supplying energy in the 1990 time frame. Mr. Brown thinks
that in the near time frame it is correct to look at solar power for the
home (heating, cooling, electricity).
2,000,000 35% - 40% of the U.S. Energy
Requi rements
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, 1,000,000
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The SSPS collects the solar energy with solar cells and converts
the energy to micro-waves which are transmitted to a receiver on earth.
The photovoltaic cell is a relatively new device which allows one to elim-
inate conventional conversion techniques and convert solar energy directly
to electrical power. The photovoltaic cell presently is 10 to 15 percent
efficient with a maximum theoretical efficiency obtainable of 22 percent.
The following table indicated the potential of a geosynchronous
satellite relative to an earth collection system.
Availability Factor Average on Earth In Synchronous Orbit Average Ratio
Solar Radiant Energy 0.11 watts/cm2  0.14 watts/cm2  4/5
Density
% Clear Skies 50 100 1/2
Cosine of Angle of
Incidence 0.5 1.0 1/2
Useful Duration 8 hrs. 24 hrs. 1/3
Product 1/15
Therefore, 15 times the number of solar cells are required for an
earth-based system compared to the SSPS for the same power output.
The solar cell output can be enhanced by focusing; however, the
cell must be cooled since efficiency goes down with temperature. The cell
output can be improved at most by a factor of 2 to 1.
The SSPS will utilize three new techniques:
1. Space capability
2. Solar cells
3. A microwave transmission system
The concept of the station includes a 5 to 10 megawatt station with a 1
kilometer diameter transmitting station and a 7 kilometer collecting antenna.
The effect of microwaves on the biological processes and radio frequency in-
terference is not well established.
The microwave-to-D.C. energy conversion can be accomplished at be-
tween 80 percent to 90 percent efficiency. The structural aspects of the
system have been studied by NASA-Lewis and approved. The solar cell array
is always oriented to face the sun. The eclipse of the sun will cause some
engineering problems; however, the reduction of solar flux will be only 0.8
percent.
The SSPS will weigh 5 lb/kW produced. Most of this weight is in
the solar cell array (81 percent) and 18 percent is in the microwave an-
tenna for a total weight of 25 million pounds. The antenna will be me-
chanically pointed to within 1 arc-minute toward the receiver using an
electrical phase front control. If the control fails, the microwave beam
would be greatly spread out.
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A major restriction at this time is the cost of solar cells. Tyco
Corp. has hopes of growing silicon ribbons and projects the cost of the cells
to be $350/kW (present cost is $175/watt). Mr. Brown feels knowledge and ex-
perience will reduce these costs. The expected lifetime of the solar cell is
30 years with perhaps a 20 percent degradation in a lifetime. The output of
the SSPS for less than one year will pay for the entire system.
On the earth the microwaves will be collected by what is termed a
Rectenna. The total number of elements required for the Rectenna would be
10 billion so that 300/units/sec must be produced to manufacture the ele-
ments in one year. The Rectenna would be set at 450 if situated at Boston.
The microwaves will be transmitted using a cross-field conversion
device. In both its oscillatory form (magnetron) and the amplifier form
(amplitron) it has exhibited overall efficiencies of between 85 percent and
90 percent.
Mr. Brown estimated the total cost of a one gigawatt SSPS at 20
billion dollars. He commented that one shuttle payload per year would be
required to furnish propulsion fuel for the SSPS. He also mentioned that
the thrusters on the system would have to be well distributed, but implied
this has not been studied in detail yet. The SSPS would require 500 shuttle
trips plus additional trips involving ion propulsion units to be placed in
geosynchronous orbit.
ARCHITECTURAL CONSIDERATIONS IN SOLAR HOUSES
Jeffrey Cook
Professor of Architecture
Arizona State University
Tempe, Arizona
Dr. Cook divided his speech into two general topics: (1) Orien-
tation and (2) Concept of heating and cooling in building.
I ORIENTATION
Orientation consists of the relationship of any object, such as a
building, to its cardinal points. The orientation of buildings is a common
denominator in most ancient cultures, as buildings were normally designed
so that they faced the east and the rising sun. In American culture, the
orientation of buildings is not so important. However, it is believed in
the United States that the southern orientation is more advantageous. In
Great Britain, on the other hand, all schools by law must have an east-
west orientation.
In designing buildings, one must consider several factors. Among
these are the weather and all types of life. The United States, for ex-
ample, is approximately half-way between the equator and the Artic Circle.
Thus, the sun rises from the due east only two days in a year. The remain-
der of the year, the sun rises either north of east or south of east. A
similar situation exists with the height of the sun--it is variable, not
static.
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Almost no one in the United States is currently designing homes
which consider the sun and its effects. Olgyay and Olgyay, however, have
published a few books which do consider weather conditions (temperature,
relative humidity, etc.) for all areas of the United States and which can
be of great benefit in building planning.
II. CONCEPT OF HEATING AND COOLING IN BUILDING
Here, the overall goal is to take advantage of the heat absorptivity
of building materials. One of the very best building materials in terms of
the absorptivity and storage of energy is earth, since a great deal of energy
is necessary to raise or lower its temperature. In a word, earth acts as a
thermal barrier. Likewise, earth has beneficial environmental characteristics
as it returns to its natural environment through decomposition when it is not
used and when the user does not furnish proper maintenance.
The use of earth as a building material was traditional in most ancient
cultures. An example in North America is the adobe building structures which
can be found throughout the southwestern part of the United States and in much
of Central America.
During the 1950s, Solari developed the underground, domed house.
Usually, the glass dome was placed over the living room area. Originally,
the dome was movable so that the dweller could choose the amount of sun or
shade that he desired. Today, the glass dome is normally in a fixed place.
Steve Baer, an Alburquerque designer, is currently working with
"Zomeworks", which is the latest edition in the domed-house concept.
Harold Hay, on the other hand, has developed "Skytherm". In brief,
"Skytherm" consists of a water bed roof which handles both heating and
cooling of a building and is the most complete solar heating and cooling of
a building and is the most complete solar heating and cooling system in the
southwestern portion of the U.S. "Skytherm" utilizes night radiation. In
effect, the system consists of a water pond on the building's roof which is
laid on a metal deck. A movable system of insulation over the water pond
completes the system. During the summer, the insulation panels are closed
(pulled over the water pond) during the day and opened at night. During
the winter, the process is reversed. During spring and fall, the process is
variable, depending on specific climatic conditions.
The major advantages of "Skytherm" is that it does not require any
heavy machinery. It can be operated by hand or by a light electrical motor.
The major disadvantage of "Skytherm" is that it is currently designed only
for a hot, dry climate. Clear skies both day and night are a necessity for
its successful operation.
Finally, Hay has also done work with water walls. These can be in-
tegrated with the water bed roof for a complete system.
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ELECTRICAL ENERGY AS A NATIONAL RESOURCE
William B. Harrison
Vice President for Research
Southern Services, Inc.
Birmingham, Alabama
General Comments
Southern Services, Inc. provides services to investor owned electric
utilities in the states of Alabama, Georgia, Mississippi, Florida, and works
on specific problems concerned with electric energy conversion.
Dr. Harrison presented an overview of his talk by referring to the
"Flow of Energy" illustration contained in the September, 1971 Scientific
American issue on solar energy (pages 138, 139). His main point was that
compared to other machines electric power generation has a rather good ther-
mal to electric efficiency of 33 percent. He also indicated the main source
of the electric companies' energy is coal and this most likely will increase
as a percentage in the future.
When discussing the sources (past and future) of energy for the
electric companies, the following observations were made:
1. Dr. Harrison definitely feels that there is an energy crisis.
2. Natural gas is "running out" and will, if it has not already,
become an acute problem.
3. Petroleum supply is poor. We currently import 28 percent with
a projected 50 percent in the near future and we should not
become that dependent on foreign suppliers.
4. Hydro power will decrease in percentage.
5. Over one-half of our energy is wasted (see ref. 1, p. 138).
In answer to questions by the group he stated that:
1. Electric utilities are now starting to do their own research
instead of relying wholly on the research efforts of equipment
suppliers.
2. They now only "advertise" to encourage the use of off-peak
capacity.
3. An "inverse rate scale" is undesirable because the people or
organizations who are the big users would simply pass along
the higher rates to the consumer. They also are the job
suppliers and with a repressive rate structure would probably
try to locate elsewhere.
Points Made and Discussed
o "Per Capita Consumption of Electricity" (ref. 2). He indicated
an exponential growth in energy use over the last 40 years and
projected this growth to continue.
o "Total Electrical Energy Requirements" (ref. 2). The exponen-
tial growth of total electrical energy into the future assumes
an additional 70 million people in the U.S. by the year 2000.
B-19
He further stated that no one in the power companies takes a
central station, solar energy, electric generating plan seriously.
Expanding on the coal situation, he indicated that the utilities
are placing a high priority on methods of improving the efficiency
of burning of coal.
"Electric Generation by Source, kWh" (ref. 3). There will be
increased reliance by the utilities on coal and nuclear. Hethen discussed the state of the art on coal-fired generation
plants. The main problems the utilities face are the stringent
environmental controls on emissions, as well as heat disposal
problems.
o "Steam-electric Power Generation" (See Fig. 5, ref. 3). The
efficiency of a plant is dependent on the temperature of water
at the condenser.
T
Efficiency = 1 - - . where T1 is the temperature in the
T1
boiler and T2 is the temperature at the condenser. This indi-
cates that large quantities of low-grade (temperature) wateris the result of an efficient plant. The alternatives being
considered and used for disposal of this "waste" heat are:
1. Deposited into fresh water streams
2. Deposited into coastal waters
3. Deposited into ponds and lakes
4. Cooling towers - wet and dry processes
"Illustrations of Cooling Towers (Wet Method)" (shown as Fig.2.3 ref. 4). There are some problems with cooling towers in
addition to their very high costs. They are:
1. A potential fogging problem
2. A potential icing problem
3. A consumptive loss of water to streams below the plant
site. This could be a real problem during low flow
periods.
4. The dry process is not technically or economically feas-
ible at this time on the size scale required
Potential Uses of Waste Heat
1. Green House Heat
2. Warm water fisheries (now being done on a small scale)3. District heating - i.e., airport runways, farmland
4. Warm water irrigation
5. In the desalinization process.
Harrison stated that the utilities have been looking for sometimefor ways of using their waste heat but that with few exceptions
no economically viable schemes have been proposed.
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The talk then switched to air pollution requirements and the effect
they have had on the utility business.
o "EPA Air Quality/Emission Standards" (Table 1, page 8, ref. 3).
Harrison commented on the unscientific manner in which the stan-
dards were put together and the resulting high cost of compliance
by the utilities. He made the point that once investments have
been made to satisfy these standards, that they are irreversible
or sunk costs even if the standards should be loosened based upon
further study. He also thought that standards should not be
placed on emissions at the stack but that air quality at the human
or ground level should be controlled.
Dr. Harrison's final slide was entitled "A Compliance Plan Decision
Tree".
Constraints: Environmental Law
Fuel Availability
Technology
Economic Impact
Time
Fossil Fuels
- Gas
Oil
Coal
Low Sulphur
High Sulphur
Fuel Processing
Gasification
High BTU
Low BTU
Flue Gas Processing
Lime/Limestone Scrubbing
Catalytic Oxidation
Magnesium Oxide Scrubbing
Caustic Soda Regeneration
Molten Carbonate
Sodium Sulfate/Elemental Sulphur
Double Alkali Scrubbing
Dry Absorption
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The function of this tree was to illustrate the procedures the
electric utilities are pursuing to improve the burning characteristics of
coal so that high sulphur coals can be used and still permit the generating
plants to meet air quality standards.
In conclusion Dr. Harrison stated that the electric utilities will
vigorously pursue research in the areas of:
Nuclear Power (the breeder)
Coal Utilization (gasification, liquefaction)
Others - including solar, tidal geothermal, winds, etc.
This research will be sponsored by the newly formed Electric PowerResearch Institute (EPRI).
Ref. 1 - Scientific American-September 1971.
Ref. 2 - Felix-Electrical World-7/6/60.
Ref. 3 - "Power Generation and the Environment", W. B. Harrison, August 1972.
Ref. 4 - Statement to the Florida Department of Pollution Control, November
23, 1971, Orlando, Florida by W. B. Harrison.
MSFC SPINOFF TECHNOLOGY APPLICABLE TO RESIDENTIAL HEATING AND COOLING WITHSOLAR ENERGY
Robert L. Middleton
Chief, Environmental Control Section
Propulsion and Thermodynamics Division
MSFC, Alabama
Mr. Middleton discussed possible NASA funding of a proposal of ademonstration project on the utilization of solar radiation for residential
heating and cooling. The discussion emphasized the need for NASA's effortsin space to be directed toward benefiting man on earth. The multiple facil-ities of MSFC provide a great deal of technological support for attacking
a problem of the scope of that of the implementation of solar energy.
At a meeting in late 1969, Dr. Wernher von Braun presented the idea
of developing a Solar Absorption Cycle Heat Pump for a space vehicle.
Lockheed Corp. was awarded a $150,000 contract for the initial space vehicle
study and system test. A later $40,000 feasibility study grew into the Mar-
shall Proposal for a Solar Powered Absorption Heat Pump. Spin-offs of sub-
sequent vehicle environmental control studies were:
o Thermally powered refrigeration for ECS applications
o Thermally selective spacecraft coating
o Thermal energy storage for orbital transient dampening
o Solar and Thermal analysis techniques
o Fluid systems analysis techniques
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The present MSFC idea will utilize two surplus house trailers to
demonstrate the concept of the proposed Tedlar covered flat plate solar
collector roof panels for a domestic/industrial heating/cooling system.
A system performance based on a 1600 ft2 house in Nashville, Tenn-
essee and U.S. Weather Bureau data was summarized as shown in the accompany-
ing table.
All Electric
Solar System & Heat Pump
Heating Capacity 116,000 BTU/hr. 38,000 BTU/hr.
78,000 (electric)
Cooling Capacity 36,000 BTU/hr. 36,000 BTU/hr.
(3 tons) (3 tons)
Water Heating 4,000 BTU/hr. 4,000 BTU/hr.
(1,200 watts)
Collector Area Required 1,300 ft2
Thermal Storage Required 1.0 x 106 BTU
Peak Electric Winter 400 watts 28,900 watts
Summer 400 watts 6,900 watts
NOTE: o The Solar Collector and thermal capacitor
size is based on a cost optimization study
for a full year period. Three cloudy days
and nights are included as a design limit.
o For the worst design case a back-up with
gas or electric is available to account
for more severe conditions.
Mr. Middleton concluded his presentation with several good remarks.
o Feasibility of solar powered heat pump indicates that
- modified commercial units are possible.
- MSFC developed coating process permits cost reduction and per-
formance improvement.
- An interim and demonstration program (in-house and contract)
be implemented to define better the system and reduce cost.
o Near term return for general public from NASA space technology is
possible.
o Thermal storage is weak link in chain of the proposed use of solar
energy. MSFC system is to use 5,000 gallons of water for heat
storage.
o Next time phase of Marshall system will involve striving to reduce
the cost.
o Optimistic prediction: proposed concept will demonstrate collection
of 60 percent of solar radiation from the flat plates at a cost of $1
per square foot.
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THE FEDERAL GOVERNMENT, THE ENGINEER, AND THE ENERGY CRISIS
William P. Miller
Technical Representative
American Society of Mechanical Engineers
Washington, D.C.
Mr. Miller is the Washington representative for the ASME and it is
anticipated that other technical societies will soon have counterparts. A
technical society representative scans technical legislation, provides tech-
nical assistance to legislators and finds technical consultants for members
of both the executive and legislative branches. The latter need is evolving
into the selection of congressional Fellows, who will advise congressmen on
technical matters and who will have a tenure of one year. Eventually eleven
fellows will be selected.
The energy crisis as described in the Congressional Quarterly is an
economic crisis consisting of:
o Cleanup costs to meet ecological demands;
o Undesirability of imports;
o Canadian or Alaskan route for the Alaskan or North Slope pipeline;
o Off-shore oil supplies must be tapped;
o Nuclear power plants are blocked by lawsuits, and construction
costs are mounting;
o Heat pollution must be diverted into useful efforts such as im-
proving production in fish farms.
Import oil, off-shore oil, and land oil are ordered most expensive
to least expensive to process for the USA market.
The McCormack bill directs NSF to study advantages of a national
electric grid. A national grid could reduce requirements for the generation
of peaking power.
The Japanese electrical rate policy is regressive to conserve use
of energy:
500 kWh at 10t per kWh
700 kWh at 20t per kWh on total
900 kWh at 40t per kWh on total
Dr. Thomason is responsible for present NSF interest in solar
energy. Dr. Thomason is presently designing solar energy utilization for
an Ohio industrial plant.
Dave Freeman of the Ford Foundation is writing a book on the energy
crisis and will investigate the social, political, international, defense,
and environmental aspects of the energy problem. The scope of the text seems
large to present a practical solution to the energy crisis.
Miller's reactions to solar energy utilization are that it can be
used for:
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o Heating purposes
o Hydrogen generation
o Electric power generation, which is less efficient, largely due
to high transmission costs.
Miller suggests that Congress be informed of solar energy studies.
THE BASIC PROBLEM: No overall energy management exists in this
country. In fact, there is not even a national energy policy to guide the
thinking of planners.
The Office of Technology Assessment (OTA) is a congressional body.
Congressman Daderio will be OTA's first leader. Miller deems OTA unsound
because it is a political court judging science.
Credibility of engineering and scientific societies is high within
legislative branch. All such societies will or should unite for action on
technical matters in government policy.
UAH ENVIRONMENTAL STUDIES
Ken Johnson
Associate Director, and
Dave Christiansen
Research Associate
Center for Environmental Studies
University of Alabama at Huntsville
Huntsville, Alabama
Ken Johnson:
The Alabama Legislature has provided funds to establish an Environ-
mental Research Center whose basic task will be applied, basic, and service-
style research. In the first two years the research has been of a "very"
applied and service-type nature; such as, sample analysis, handling some of
the State of Alabama's environmental research programs and preparing "Envi-
ronmental Impact" statements.
One major interest is to use NSF support to develop and/or apply hard-
ware that will employ solar energy for the heating and cooling of buildings;
however, NSF is not convinced that the time is "ripe" to attempt the total en-
vironmental control of a building by the use of solar energy.
It is believed that the Environmental Research Center is expected to
be a catalyst to start "environmental" motion in Alabama. At present, a
mobile air analysis unit is operated by the Center.
Dave Christiansen:
Christiansen was introduced by Dr. Johnson as the "UAH Solar Energy
Expert". He presented a series of slides, some by NASA artists and others,
showing their thoughts on utilizing solar energy to heat and cool buildings.
Other thoughts he presented and elaborated on were along the following lines:
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o It is hoped that the building that will house the UAH "Center
for Environmental Studies" will be the model for future solar
energy buildings.
o A NASA plan envisions hot water storage at 4000 F to 5000 F
that would provide steam to drive a turbine 24 hours/day, as well
as an electrolysis unit to generate hydrogen. The plan envisions
flat plate collectors on one building and focusing (concentrating)
collectors on another, plus additional collectors in the parking
lots.
o A study to evaluate the various kinds and arrangements of solar
collectors is one of the first projects envisioned.
o Another plan is to de elop a demonstration cottage on the campus
with perhaps a 200 ft collector and reflector similar to one
developed by Thomason (see the June 1973, POPULAR MECHANICS).
o A company in Athens, Alabama, has developed a modular construction
cottage in which the modules are 4' by 8' panels with 2 1/2 inch
polyurethane insulation is equivalent to 6 inches of fiberglass
insulation; hence, a cottage with floors, walls and ceiling of
this material with thermally tight windows and doors would not
require much refrigeration in summer nor heating in winter. It
is estimated that a 12 foot by 24 foot cottage of this type would
need about 1/2 ton of refrigeration for adequate cooling during
a typical summer day in North Alabama.
SOLAR ENERGY AT HONEYWELL
Roger Schmidt
Business Manager - Solar Energy
Honeywell, Inc.
Minneapolis, Minnesota
Mr. Schmidt's talk outlined Honeywell's involvement in solar energy
research:
A. The programs and their funding
B. Thoughts on the current energy situation
C. Honeywell's SUN-STEAM-ELECTRICITY scheme
D. Work related to heating and cooling of buildings
A. Honeywell Programs/Funding
1. Honeywell and the University of Minnesota have almost $1
million from NSF to study central electric power generation
from "sunlight".
2. Much in-house work (some proprietary) on house heating and
air conditioning.
3. Two very recent procurement contracts with NASA-Lewis:
a. Study solar central electric power system with Black
& Beech, 10 months, $350K (1/2 from Honeywell).
b. Small (6 months $50K) program of flat-plate-collector
analysis, design, fabrication, and testing.
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B. The Current Energy Situation
1. Causes of Crisis
a. Balance-of-Payments -- net zero now with $5 billion in
and $5 billion out, but a projected $25 billion deficit
in 1985 (see Chase Manhattan Bank "Annual Energy Report").,
b. Strategic Issues -- "We depend upon Arab oil, but the
sheiks can turn off the faucet at any time.",
c. Resource conservation and pollution (relatively unimportant).,
2. "Economic Uncertainty"
a. Mismanagement/Inefficiency -- need resource conservation
and better buffering, etc.,
b. Crisis was foreseen (Malthus) -- Schmidt believes a "tech-
nological fix" will always be found (e.g., fusion power).,
c. Plenty of energy available -- but economics is all-important.
3. Different Resources
a. Enough COAL for 500 years at current usage, but getting more
expensive (present cost is $300 /kW electric installed).,
b. Plenty of power in BREEDER REACTOR, but problems with feas-
ibility, pollution, economics ($1500/kW electric installed
versus $400-$500/kW electric installed for regular FISSION
REACTOR).,
c. "The SOLAR POWER hitting the Earth is equivalent to burning
all the World's fossil fuel reserves in one week!" The
world energy needs of 2000 A.D. can be met with 20 percent
conversion efficiency of "sunlight" hitting an area of 250
miles square.
4. USA Energy Consumption by Fuel, 1850 A.D. - 2000 A.D.
See the 1972 Battelle Report, "Energy Uncertainty".
5. Testimony to House Subcommittee on Energy
Schmidt was "optimistic" about solar energy, but congressmen were
almost "fanatic". McCormack said that there should be only technical and
not financial limitations on solar energy research (spend at least $1 billion).
Congress is really worried about balance-of-trade and strategic problems.
Schmidt thought solar-central-power-plant possible by 1990, but congressmen
want it by 1982!
C. Honeywell's "Electricity from the Sun" Scheme
1. General Introduction
a. Honeywell selected "thermal collection of sunlight via
concentrators" -- similar to Meinels' "Solar Farm".
b. Schmidt discussed other techniques, especially solar cells.
he doubts Glaser's optimism concerning costs, and notes
many technical problems with SSPS. Texas instruments hints
at solar cell costs of $100/kW, but Schmidt is skeptical,
since the collection area cannot be decreased.
c. The overall Honeywell system is a modularized (mass-pro-
ducible) parabolic-cylindrical-mirror concentrator which
focuses sunlight onto a heat pipe and produces aobut 48
kWh/day from a trough 40 feet long.
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d. Background comments:
i) Beat the high costs of labor by modularizing and
simplifying the fabrication.
ii) Honeywell has 15 years' experience with solar sel-
ective coatings.
iii) Showed a Smithsonian photo (from Dr. Jordan's
University of Minnesota report) of the 1913 Egyp-
tian plant on the Nile that generated steam from
"sunlight" and ran a 50 hp motor.
iv) Schmidt reviewed Honeywell's recent work for the
Air Force on providing 6 kW of solar thermal power
to a Voldemeier cryogenic cooler for space optics
(research continues at the Flight Dynamics Lab at
Wright-Patterson); contract was for $120k.
2. "Solar Field" Concept
Schmidt described the NSF contract work in great detail (see the
Honeywell/Univ. of Minn. report NSF/RANN/SE/GI-34871/PR/72/4, entitled
"Research Applied to Solar-Thermal Power System", 1972).
a. The essence of the idea is to concentrate "sunlight"
onto a selective-absorber-coated heat pipe, using a
trough mirror (parabolic cylinder) oriented E-W and
steerable to track the sun N-S. The heat pipe trans-
ports the thermal energy to a steam chamber, where the
steam is used to generate electricity via a turbine.
A POCE (proof-of-concept-experiment) module that is
15 feet in length is to be built and tested in about a
year.
b. Schmidt expounded upon the following details:
o Isothermal heat pipe tilted to become a "thermal diode",
o Temperature range 300 0C to 500 0C,
o A characterization of heat pipe fluids (H20, Hg, K, Na),
o Each trough module will cost about $1500,
o Selective absorber coating,
o Could eventually coat 40-foot heat pipe of stainless
steel for $25-50,
o High-temperature diffusion-of-coating elements, measured
via Auger-electron--spectroscopy and sputtering of sur-
face,
o Thermal shocking and cycling of the coating -- will
last 20 years at 4000C, but faults at 6000C,
o Honeywell "working with" Meinels on coatings,
o Comparison of heat pipe with "flowing fluid" system:
-Latter has great thermal losses, costs more (Aero-
space analysis and report), and requires vast pump-
ing power (especially for gases) - "Honeywell and
McDonald-Douglas analyzed Meinels' system, and
found more power used in pumping the liquid metal
than generated by power plant!"; difficult to
optimize pipe when fluid is pumped,
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o Comparison of 3 collector systems: Honeywell's heat
pipe with pyrex vacuum tube, and Aerospace rotating
reflector in vacuum tube ... all come out about the
same in heat loss; Honeywell wants the vacuum tube to
last 20 years at 10-4 atmosphere without pumping,
o Thermal storage with eutectics (or "accumulator") in
different temperature ranges,
o Insulation and heat losses,
o Testing of reflectors (aluminized materials) in Florida,
Arizona, and Minnesota (rain is bad!),
o Monte Carlo analysis of collector performance with
actual insolation data and computer stimulation,
o Honeywell economic analysis (corroborates Aerospace's
more complete analysis) -- "solar field" would produce
power at about twice current costs for fossil/nuclear
plants,
o POCE on "solar field" in a year, discussed,
o Commented upon wind loads.
D. Honeywell's Work on Heating and Cooling of Buildings
1. House Heating and Air Conditioning -- Schmidt "thinks this is
the way to go, especially air conditioning, to prevent electric
brown-outs." Honeywell is funding its own in-house research in
field (and appears to be interested in the NSF RFP on heating
and cooling of buildings).
2. Systems -- Use "concentrators" or "flat-plate collectors?"
Combined flat-plate collector plus Rankine (Freon fluid) air
conditioning system ... mentioned Arkla absorption air con-
ditioning with water at 2100 F. Stratified thermal storage
for rapid response. Use fossil fuel auxiliary power at the
home.
3. Flat Plate Collector -- Standard design. Complete computer
simulation of a unit, with emphasis on transient response
(10 minute time constant). Using Bob Middleton's coatings,
since Honeywell coating is too expensive for flat-plate
collector. They like glass, not Tedlar. "Most important
to keep costs down!"
4. Other Examples -- French convective heating and cooling of
houses. Legal and zoning problems ("air rights"?) to pre-
vent shadowing of a solar house. Showed Japanese solar
hot-water heater ($100), and commented on negative effect
of rising Japanese affluence. The solar house of Mrs.
Wilson in West Virginia where the sun satisfies 80 percent
of the energy needs (designed by Burt-Hill Assoc. Archi-
tects in Pennsylvania). Finally, noted that one Honeywell
(10 ft x 40 ft) trough provides the equivalent of 5 tons
of cooling.
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CHARACTERISTICS OF SOLAR RADIATION
Glenn E. Daniels
Aerospace Engineer
Terrestrial Environment Branch
Aero-Astrodynamics Laboratory
MSFC
The speaker's background is in astronomy and has worked with solar insolation
measurement for 30 years. Mr. Daniels brought out the following points:
1. Spectral distribution of sun's energy:
a. Above the Atmosphere. The total irradiance (all wave-
lengths), is 0.353 watt/cm2.
0.2 to 0.4 microns (pm) (ultraviolet) 7% of total
0.4 to 0.7 microns (visible) 45%
0.7 to 50 microns (infrared) 48%
over 50 microns very little
b. At Ground Level. The direct irradiance is 0.1111 watt/
cm2 on a clear day, with the sun at the zenith (air mass
1). Ozone absorbs all wavelengths-below 0.29 pm. Other
deep absorption occurs in particular wavelength regions,
such as near 1.4 um.
2. Instruments:
a. The Eppley pyranometer (cost: $350) measures with many
thermocouples in series the temperature difference be-
tween cocentric coplanar rings painted white and black,
respectively. The manufacturer says the voltage output
is proportional to the incident radiation to 1 percent
precision over a range of 0.1 to 1.5 langley [One langley
is one gm-cal cm-2min- 1 = 0.070 watt/cm2]. This instru-
ment, formerly called a "1800 pyrheliometer", receives
radiation from an entire hemisphere. It is ordinarily
mounted in a horizontal plane looking at the entire sky,
but may also be inverted to measure radiation from the
hemisphere centered on the nadir. Used in any other
orientation, it must be recalibrated due to changes in
the pattern of convection currents inside the bulb, which
change the output by up to about 5 percent.
Also, calibration depends on the spectral distrib-
ution of the incident radiation because, although the
emissivity of the black paint is approximately constant
(about 0.9) for all wavelengths, that of the white paint
is not: it goes from 0.6 or so at very short wavelengths
down to 0.1 in the visible (which is why it appears white)
and then up to 0.9 or even more, in the infra-red (which
means if only infra-red is incident, as at night, the
white ring may get warmer than the black).
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Ordinarily, of course, the instrument is calibrated
for the normal solar spectrum. If this is carefully
done, the results are good to about + 2 percent accur-
acy which puts them among the most precise of all
standard meteorological data. The percent accuracy
becomes poor at low radiation levels, of course.
b. The pyrheliometer (Eppley's costs $750) receives
radiation from a cone of apex angle 5043 '. (The
sensitive element is at the bottom of a tube whose
length to diameter ratio is 10 to 1.) When pointed
directly at the sun, it measures the "direct" radi-
ation (including of course the circumsolar sky within
its view).
The classic Angstrom pyrheliometer consists of
two precision current-carrying resistors, one exposed
to the sun and one shielded. A thermocouple is con-
nected between them and balanced to zero volts. Acc-
uracy is 0.1 percent, cost is $2500 from Eppley.
4. Solar Radiation Characteristics:
a. The intensity of sunlight on a surface normal to its
rays increases very rapidly as the sun rises above the
horizon, reaching 94 percent of its midday value within
about one hour after sunrise. The energy incident on a
fixed horizontal surface approximates a sine curve.
b. Measured radiant power incident on a pyranometer in
Yuma, Arizona has been observed to increase from the
clear sky value of 1.96 langley to as much as 2.25
langley due to reflection from clouds.
c. For some purposes, we would like to know how much of
the horizontal pyranometer reading is unscattered
radiation direct from the sun and how much is from
the rest of the sky. The speaker has published an
analysis of this with graphs and tables for two lo-
cations, one in Florida and one in California. For
example, one graph shows that for sun elevation 750
and total horizontal radiation 1.50 langley, the
diffuse component is 0.2 langley. He writes:
IDN = (ITH - D)/sin A, where IDN = direct normal, ITH = total
horizontal, D - diffuse, and A = altitude of the sun.
Normally D is about 10% of ITH-
In the U.S., hourly readings are taken of the
"total horizontal" radiation (pyranometer) at 26
stations; and "direct normal" radiation (pyrheliometer)
at 7.
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5. The speaker has computed and published the altitude and
azimuth of the sun for each hour of the 15th day of each
month as seen from MSFC. These are straightforward ana-
lytical functions of the geographic latitude and the
declination and hour angle of the sun.
It is best to work with True Solar Time (TST) which
corresponds directly to the hour angle (HA) of the sun:
HA = TST - 12 because of the difficulty of correlating
data which use local civil time. He has a conversion
chart for MSFC.
6. He described the measurement of air temperature and dew
point in a B-47 at Yuma. The inside temperature was as
high as 2500 F.
ERTS, EAO and SOLAR ENERGY
Herman Hamby
Staff Scientist
Environmental Applications Office
MSFC
Mr. Hamby stated the general objectives of the Environmental Appli-
cations Office (acronym EAO) and made the following points.
o There is a need to identify the potential users of the informa-
tion gathered by his office
o The data available comes from thermal data from the ERTS-1
satellite
o There is cooperation with the Departments of Agriculture, Interior,Bureau of Fisheries, Forestry, Mineral Resources, Marine Resources,
etc.
Regarding the area of solar energy the following comments were made:
o Lockheed and other manufacturers can move into the fabrication of
cheap low-temperature hardware for solar energy utilization to-
morrow if asked
o He expects the utilization of small solar powered units to come
"on line" before breeder reactors...
o There are all kinds of data available on the utilization of energy
by consumers - effect of insulation, effective housing design(refer to STARSITE) -
o Solar systems should be immune to daily perturbation and provide a
constant rather than variable output.
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General Comments:
o NASA keeps an umbrella on small businesses that use NASA cre-
ated technology and develop it for the benefit of the country.
o Trust only the words of scientists publishing in the responsible
journals.
o "altruism has its price"...
THE NATIONAL ENVIRONMENTAL POLICY ACT
Frank L. Parker
Professor of Environmental and
Water Resources Engineering
Vanderbilt University
Nashville, Tennessee
Dr. Parker discussed the National Environment Policy Act of 1969
(NEPA), preparation of environmental impact statements and the general need
to be wary of incomplete impact studies.
I. NEPA
A. Dr. Parker stated that this is the "single most important en-
vironmental act in the USA".
B. Goals -- refer to Section 101 of the Act;
C. Section 102 -- very important, 102 (C) -- most troublesome to
interpret (e.g. emphasis on "major", significantly", etc.);
D. Actual effort and operation (through May, 1972):
1. By number: approx. 2033 environmental statements were filed
(resulting in 200 suits),
2. By type: highways -1436,
watershed - 400
airports - 220
navigation - 190
electric power - 150
other - 537
II. REQUIREMENTS FOR PREPARING EIS (environmental impact statements)
A. Procedure:
1. Follow CEQ guidelines (Council on Environmental Quality),
2. Send for review to governmental agencies.
3. Write the final EIS.
B. Cost/Benefit Analysis
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I. In addition to economic efficiency, need to evaluate pro-
posed activity in terms of benefits ("for whom") and cost("who will pay for it").
2. Since many of these objectives/standards and measures cannot
be determined in the framework of our competitive market
structure, standards were devised:
a. National economic efficiency, (e.g. questions asked per-
tain to levels of employment, allocation, and relocation
of resources, etc.),
b. Regional economic efficiency (e.g. "primary" vs. "sec-
ondary" effects, relocation, etc.),
c. Environmental quality,
d. Social factors.
NOTE: Since points "c" and "d" are mainly qualitative, value judge-
ments prevail; e.g., if alternative X were not implemented,
what would be some of the probable outcomes- Tualitatively/
quantitatively where possible).
III. STRENGTHS AND WEAKNESSES OF THE ACT:
A. Strengths of NEPA:
1. National policies in line with public concern;
2. Stipulates how these statements are to be prepared;
3. Brings government activities to public scrutiny;
4. Forces narrowly conceived agencies to look at interdisci-
plinary relationships;
5. Makes citizens' suits enforceable in courts.
B. Weaknesses of NEPA:
1. Three areas or sections (recycling, strip mining, and energy)
are excluded from it;
2. Two members of the Council on Environmental Quality resigned.
3. Applicants for a license must file statements, but do not
have to follow advice of the Government and recommendations
of the Council (there is no enforcer of NEPA);
4. Federal agencies which have special expertise or jurisdiction
must respond when asked to review these environmental impact
statements, but the extent of their analysis may be very
superficial;
5. Expense involved in preparation of EIS is high;
IV. OTHER SUGGESTIONS AND COMMENTS:
A. Dr. Parker referred to several studies by economists (at Vanderbilt,
Colorado, and other universities) where they show that after a cer-
tain point (as per U.S. model of energy consumption) the demand for
energy becomes quite price elastic. He sees that a point of maximum
per capita consumption of energy is forseeable in the near future
(given presently-known uses);
B. Comments on environmental impact of solar energy:
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1. Benefits: energy provided with little ecological impact.
2. Costs minimized: good land utilization, little or no mining,
few accidents, release of present energy sources for other
uses, etc.
NOTE: There is a need to show full cost cycle of solar and other
sources.
SOLAR POWER FOR TERRESTRIAL USE - 100 kW PILOT POWER PLANT
Whit Brantley
Project Engineer
PD-DO
MSFC
Mr. Whit Brantley has been involved with the "high" temperature
approach to terrestrial use of solar power. The accompanying Table I
represents the ground rules, assumptions, and constraints that were con-
sidered by the design team of Mr. Brantley's. The modular systems for the
power plant were overdesigned by thirty percent (30%) to account for stor-
age, cloud cover, etc.
A major consideration that was to have been undertaken by the design
team before a work halt was the evaluation of four candidate reflector systems.
The four reflector systems to be considered were (a) segmented parabolic, (b)
multiple parabolic, (c) parabolic cylinder, and (d) circular cylinder. The
segmented parabolic reflector system was the only system considered in detail.
The case study approach to the segmented parabolic reflector involved:
o Solar Vectors versus Day/Season
o Mirror Pointing Vectors versus Day/Season
o Mirror Shadows versus Day/Season
o kWh/Mirror/Location/Year
o Reflector Field Layout (optimized with tower height)
o Flat Plate Reflector
o Effective Concentration Ratio versus Time of Day
o Spherical Plate Reflector
o Plate Reflector Diameter/Shape Trade-off
o Reflector Pointing/Control Design
o Absorber Design Trades/Module/Shape/Size/Character
o Reflector Design/Layout
o Tower/Absorber Design/Layout
o Materials/Piece/Part Selections
o Trade Parameter Calculations
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TABLE I
100 kW PILOT POWER PLANT
Ground Rules Assumptions Constraints
Location Accessible for Redstone Arsenal
R&D Location
20 year Lifetime Maintenance
Continous Operation a) Thermal Storage 42 hrs. min.
b) Recharge Time 7 days
c) Supplement Heat
d) (Fossil Fuel) for
Certain Periods
Excess Power Utility Long-term Energy
Storage
Waste Heat Utility Baseline Rejection 1200 F max.
Temperature
Summer Direct Heat 3000 F max.
Utility
Conventional Conversion 100 kWe Continous Turbine
System 150 kWe Peak minimum Development
effort, 30, 220/440
VAC, 60 Hz
Highest Performance/$ Practical System Design minimum cost < $10M
Options versus Cost
Analysis
Modular Approach Test Single Modules or
Scale Models
Early Demonstration Operational Date June 1976
Minimum Geographic Use Flat Land Minimum Site Prepar-
Constraints ation and Water
Requirement
Winter Soltice (Worse Solar Design Day by
Case Design Point) AERO
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A projection of recurring cost allocations and goals for the pilot
plant is displayed in Table II.
TABLE II
Allocations Goal
Power Plant Elements Total ($/1OOkW) $/kW $/kW
Solar Reflectors (185 at 2k each) 370k 3700 370
Tower 10k 100 25
Absorber 78k 780 78
Energy Storage (16 hours) 1OOk 1000 100
Steam Rankine Converstion 150k 1500 150
Heat Transfer Loops 10k 100 10
Supplemental Heat Furnace 5k 50 50
Land o.4k 4 4
TOTAL $723.4k $7234/kW $787/kW
To illustrate the high cost of the proposed system, a comparison
was made to the initial cost ($750,000,000) of the Browns Ferry Nuclear
Plant:
$750M = $214/kWej + Operations + Fuel Cost
where the total plant output is scheduled to be about 3.5 gigawatt electric.
A major problem of the pilot plant was pointed out to be the boiling
subsystem of the absorber.
Mr. Brantley outlined the following conclusions and recommendations
of the study.
Conclusions
1. Overall efficiency expected for the lOOkWe Pilot Plant would be
about 15 percent.
2. Economic feasibility is dependent on detailed selection of mater-
ials and fabrication methods.
3. Several functional module design/fabrication/test iterations to
reduce costs, while retaining adequate performance, are required
before pilot plant construction.
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4. MSFC is one of several groups investigating solar central power
stations.
Recommendations
1. Individual parabolic dish concept be defined for comparison to
the concept defined here.
2. Study results should be presented to OA and/or NSF.
3. Continued low-key efforts at MSFC until NASA is assigned respon-
sibility for design/construction of such a system.
SOLAR POWER ELECTRIC GENERATION
Mr. Bill K. Davis
Senior Systems Engineer
Systems Products
MSFC
Mr. Davis indicated that, within his own areas of investigation onthe utilization of solar energy, he has been able to come to some general
conclusions. He suggested that an overall total systems efficiency of about16 percent could be expected for conversion temperatures between 4000 F and13000 F. This overall efficiency figure is the net amount of power avail-
able for use, averaged through the subsystem stages of collection, conver-
stion and storage.
Mr. Davis has confirmed a number of other observations in his lab-
oratory work, and illustrated some of them through the following points:
A. Collector/Absorber ,(C/A) Subsystems
Collector-The mechanism for gathering and/or focusing of available
sunlight. The collector configurations may be designed for several levels
of focusing or concentration: high (over 1000), medium (50-1000), low(1-50).
Absorber-The elements of sunlight conversion to heat the output is
affected by selected surfaces (selective and non-selective) and the prop-erties of the cover over the absorber. The absorber is the key to the sub-
system since heat not absorbed cannot be used; if possible, leftover heat
should be salvaged. The most immediate need is the development of designdata to increase absorption efficiencies, not more system feasibility studies.
B. A Concept for a C/A Segment
Recognizing the need to increase collector/absorber efficiency, Mr.
Davis introduced a C/A concept that promises to save 10 percent of the in-
coming radiation that would otherwise be lost by reflection. He presented
a concept drawing that illustrated the combined effects of using both para-bolic and conical shapes (nicknamed "parabolone") to provide very good heattransfer control.
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C. Description of MSFC Anodized Interference Coating
0
A thermochemically applied titanium dioxide coating of 1000 A thick-
ness of titanium that is "solar cell blue" (known as NASA blue), and operating
almost in the ultra-violet range.
D. Description of Honeywell Multi-Layer Interference Coating
Three film layers (black nickel, polished nickel, bright aluminum
oxide) on an aluminum substrate that is good to 4000 F; this coating devel-
opment is the same that is being used on the collector (flat) plate in the
MSFC Spinoff Technology project conducted by R. L. Middleton (refer to R. L.
Middleton's presentation on June 18, 1973).
F. Heat Transport Subsystem
1. Heat must be collected over large areas; thus, there are
undesirable collector surface losses.
2. Mechanical work required in that the working fluid must be
pumped.
3. Configurations possible for transporting heat.
a. Single-phase fluid - problems such as super-heated steam
not introduced here.
b. Phase - change fluid - need to circulate ten percent more
fluid per hour.
c. Heat pipe - will cut down on mechanical work required in
the system.
4. 450' F is the upper limit of some excellent insulators (e.g.
3" foam); thus, it is important to the heat transport sub-
system that collector temperature, transfer work, and heat
losses are all minimized (in these respects perhaps the heat
pipe functions best?).
G. Heat Storage Subsystem
1. Requirements
a. Store the required amount of heat
b. Operate at the right temperature
c.- Transfer heat efficiently
d. Have a long operating life.
2. Methods
a. Phase-change materials present a number of problem con-
siderations (viz. metals, non-metals, fused salts, wax);
of the metals, tin is the most likely candidate; non-
metals and fused salts have practical disadvantages; wax
doesn't change state at the same temperature each time.
b. Thermo-chemical reactions offer possibilities for the
future but are not being investigated now; example
reaction:
steam with butane/or propane 
- H2 + CH3
(Which theoretically delivers back 100 percent of what was
put in).
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3. Devices
Concept drawing of phase-change material heat storage device was
shown.
H. Thermodynamic/Electric Conversion Subsystem
1. Available example is the Sunstrant Mark III, lOOkWe system.
2. Cost without controls, $50,000 --- with controls, $80,000.
However, this machine has a reasonabl3 operating efficiency
for a 1OOkW system. Boiler heat source may be sun or any
other. Combined with the MSFC collector/absorber and trans-
port-storage component makes it an effective demonstration
system.
In summary, Mr. Davis advised us that each condition has its own
best application -- there are no blanket solutions for all situations ...
"make specific decisions about specific requirements".
NATIONAL ENERGY NEEDS AND POLICIES
John J. McKetta
Professor of Chemical Engineering and
Chairman of the President's Energy Committee
University of Texas
Austin, Texas
Introduction
Dr. McKetta's introductory remark, which he thought adequately de-
scribed the energy situation in this country, was "This country is in a hell
of a mess." He believes that there should be an honest effort towards alle-
viating the energy crisis. The individual can't do much; however, group
action could conceivably make "dents" by coming forward with solutions that
will help solve the problems associated with the energy crisis. However,
Dr. McKetta believes that there is no truly absolute solution to the energy
problem; i.e., the problem simply cannot be solved permanently. The delin-
eation of a prize fight was eloquently used by Dr. McKetta to describe the
situation of the energy crisis in the United States. He said that we are
now on the canvas at the count of nine. Our demand for energy is much greater
than the domestic supply that consequently this country is heavily dependent
on imported energy sources.
Dr. McKetta suggested that there could be some alleviation of our
energy problem via the following considerations:
A. Buy all our needed materials from outside the country; however,
there are two problems associated with this:
1. This might be impossible because other countries depend on
the same countries for oil and hence are our competitors for
a product that is in limited supply.
2. The U.S.A. is bankrupt; the dollar has been devalued and our
trade balance is unfavorable for us.
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B. Decrease the demand. This can be accomplished by:
1. Enforced rationing
2. Voluntarily (McKetta expressed pessimism in this route being
truly effective. He related a Texas example in which the
people were asked to decrease their consumption by 30 percent;
however, only a 12 percent reduction was realized.
C. Do something about the supply curve
Dr. McKetta suggested that environmentalists might be a little too
one-sided in their thinking; e.g., the Senate voted 84 to 0 in favor of the
Muskie resolution to require U.S. water to have zero additional pollution.
This is quite unrealistic since to remove 4,000 tons of impurities from a
water system ultimately results in adding 20,000 tons of waste somewhere.
Our Energy Situation
Studies show that some of the world's leading nations' e.g., the
United States, consume considerably more energy than they produce. An excep-
tion to this appears to be the communist countries which are apparently self-
sufficient.
The countries that consume more energy than they produce must depend
on the Middle East or Africa for oil since these countries produce more oil
than they consume. However, because of our political involvement with Israel,
the big oil producing countries intensely dislike us. Consequently, the Arab
countries might desire to use their oil as a political tool.
Due to Europe's tremendous consumption of oil as compared to their
production, they are also looking to the Middle East for help. The recently
discovered North Sea oil fields will supply only a small fraction of Europe's
petroleum and gas needs. Furthermore, Mexico is beginning to be a serious
contender for Venezuelan and Peruvian oil which we now import.
Dr. McKetta expressed his pessimism concerning the belief that the
U.S. would receive a continous oil supply from Canada.
The oil production for a 112-year period for the United States
greatly exceeds the oil reserves. However, the Middle East has a vast
reserve, so vast that there is no indication of a drop in the initial pres-
sure in the oil fields since their discovery (over 400 billion barrels of
oil is estimated to be available in the Middle Eastern oil reserves).
Since about 1957 the United States has used more energy than it
could possibly produce. The schism between energy production and energy
consumption has widened tremendously during the last twelve or thirteen
years. Last year, the United States used 16.2 million barrels of oil per
day (44 percent of to total energy used). This amounts to more than 70
quadrillion (70 x 10'0) Btu of energy (enough to evaporate 72 Lake Michi-
gans).
The United States imported 14.9 percent of its energy in 1972 and
as of April, 1973, the total energy imported was approximately 16 percent.
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The amount of natural gas produced in the United States is less than
the amount used. Approximately 9.8 percent of the gas consumed by the U.S.
was imported from Canada. The unfortunate statistic is that new gas discov-
eries since 1966 are drastically inadequate when compared to the amount used.
McKetta said that the amount found will never compensate for the amount used,
unless the consumption drastically decreases, which is itself highly improbable.
The U.S. has been in difficulty with oil since 1958 in that the amount
produced is less than the amount consumed. From a national security standpoint,
the balance of payment has been "bad" since 1971 during which there was a two-
billion dollar deficit (The country had not had a deficit since 1899.). In
1972 the deficit increased to 6.2 billion dollars, and in 1973 it is conceiv-
able that our deficit will be ten billion dollars. If our dependency on im-
ported oil continues, by 1985, we will need a 38 foot diameter pipeline to
bring in the needed oil. Obviously, this is impractical and the situation
as it stands cannot continue. Another problem which raises its ugly head is
that if we buy oil, we simply get oil; however, if we drill for our own oil,
we generally get oil and gas.
By 1985 the Arabs will probably receive 50 to 80 billion dollars a
year from their oil exports. This has resulted in a major cause of our
present-day pecuniary problems. Therefore, McKetta suggests that the Arabs
might recycle some of our money back into the U.S. economy via investments,
thereby alleviating some of our balance of payment deficits.
Through every dark cloud there passes a silver lining. Fortunately
our coal reserves are tremendous and even now the production of coal is greater
than its consumption. The production of coal is so great that we are able to
export it; however, the exportation of coal only brings in a revenue of 329
million dollars as opposed to the 5 billion dollars paid for imported oil. The
United States promised Japan and Germany a 40-year supply of metallurigical
coal; however, the embarrassing thing is that both countries have an economy
which has excelled that of the United States.
The U.S. has 250 trillion cu. ft. of gas in its reserve which is
enough gas to last for the next ten years at the present rate of consumption.
This gas reserve is kept in the ground because our long-term contracts for
gas are more than our reserves. There are two problems associated with our
natural gas reserves:
1. 70 percent of the 250 trillion cu. ft. of gas in in Texas and
Louisiana, and still those states are going nuclear.
2. Both Texas and Louisiana import coal from Wyoming at about
twice the price for which they could obtain the gas because the
the gas supply can't be guaranteed.
Dr. McKetta strongly suggests going from gas to coal for generating
electricity, especially since we have a relatively small amount of gas in
our reserves. The cost of converting a 400 MW plant from gas to crushed,
pulverized coal would be approximately 1 percent of its initial cost.
The United States has approximately 36 billion barrels of oil in
its reserves which is enough for six years at the present rate of consump-
tion. Apparently the country has a tremendous oil shortage since conser-
vative projections only add another 18 years to our oil supply ( 70 percent
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of this oil potential is probably located in the outer continental shelf and
offshore drilling is discouraged in a number of places; e.g., the Governor of
New Jersey vehemently expressed a negative attitude towards New Jersey off-
shore drilling).
Geophysicists can detect faults (a likely place for hydrocarbon
accumulation) with seismographic equipment. The chances of finding oil by
this technique is one out of 40. There exist many places; e.g., stratigraphic
traps, where "hard-to'find" oil might be found but the chances of finding oil
in stratigraphic traps is one out of 80.
Since 1956 there has been a steady decline in oil wells drilled (the
price of a well depends on several factors such as location, depth, etc.).
In 1956, 59 thousand wells were drilled and in 1972 about one half as many
wells were drilled.
Dr. McKetta continued to reiterate his feelings concerning our
readily available supply of coal. He suggests that the country ought to
triple its utilization of coal as an energy source. Dr. McKetta also
suggested that solar energy and geothermal energy will be of appreciable
significance in helping to alleviate the "energy crisis".
Dr. McKetta's National Energy Policy Committee wrote a 44-page report
which recommended that a national energy policy be established. Their report
was referred to the Secretary of the Interior.
National Energy Policy Committee Report
# PB201-071
National Technical Information Service
Springfield, Virginia
Some Suggestions
Dr. McKetta concluded his talk by making the following suggestions:
a) Since 25 percent of the total energy is used at home (70 percent
of which is used for heating and air conditioning), all those
living above the Mason-Dixon Line should not use air conditioning.
b) "cities ought to break their windows" and let the cool air in at
night and find some way to replace the windows during the day.
c) Dr. McKetta strongly advocates the immediate use of coal to help
alleviate the energy problem.
d) The EPA should relax its environmental restrictions made on coal.
SOLAR ENERGY AT GENERAL ELECTRIC
William R. Terrill
Manager, Advanced Power Systems Operation
Energy Systems Program
General Electric Company
Valley Forge, Pennsylvania
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Messrs. Bill Terrill, Arnold Cohen, and Don Kirkpatrick of the
Energy Systems Programs (ESP) group at General Electric discussed their
efforts in the solar energy field. After outlining the GE corporate line
structure, Mr. Terrill indicated that the ESP activities were primarily
centered around:
o Solar Energy Systems
o Topping Cycle Studies
o Clean Combustion
o Advanced Nuclear Power Systems
o Multi-hundred Watt RTG (Rankine Turbine Generator) Programs
o High-Temperature Materials Development
A proposal on solar energy has been submitted to NSF from a viable
team consisting of the GE ESP group, the University of Pennsylvania, and the
Ballinger Company. Among other things, the team members posess the following
characteristics: corporate structure and manufacturing experience (GE), solarenergy research experience (University of Pennsylvania), and building experi-
ence (Ballinger).
Mr. Terrill believed solar energy applications would be more suc-
cessful in public buildings rather than private dwellings due to the greater
funding potential, structural organization and systems demonstration possi-
bilities. In addition, it was stated that solar energy would probably be
used more in new starts rather than on a retrofit basis. A large market(hundreds of millions of dollars) was forecast using as a basis new starts
only and a conservative collector cost of $2.00 per square foot.
The main interest at GE is to develop a market for commercial pro-
ducts which can be mass produced. In effect, large companies (such as GE)
will commit large amounts of capital and manpower only to markets with a
high profit potential. The end product should be competitive with current
energy systems (air conditioners, furnaces, etc.). Some industrial inertiais present as a result of previous false starts caused by restricted market
and technological analyses (e.g., heat pumps). Any proposed product must be
thoroughly researched in regard to technological, economic and societal im-
pacts.
Mr. Terrill concluded that the most probable impetus for solar
energy applications would be through federal funding of research and federal
encouragement of prototype systems demonstrations. Thus, after a profitable
market is identified, a major corporation can enter the picture. The question
of patent rights on hardware resulting from federally funded projects was
raised. From the discussion that ensued, industry has some reservations on
the patent right limitations in some contracts.
Mr. Cohen provided further illumination of the solar energy team
effort of GE, the University of Pennsylvania and Ballinger. Mr. Cohen is
the principal investigator in their proposal to NSF.
Mr. Kirkpatrick presented details on solar energy collection tech-
niques and exhibited two sample collector models. Both models were ofdouble-pane construction with one using common glass ($7.00/ft2) and the
other lexan ($5.00/ft.2). In mass production, the lexan model approached$2.00/ft2.
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Maintenance problems, construction techniques, and light transmission
characteristics of lexan were discussed. Surface wear could be overcome by
adding a harder coating on the outside pane. It was anticipated that the
collector panels also will serve as the roof structures. Lexan transmissi-
bility decreases only 5% in ten years. A twenty-year life of the panels is
planned.
MEETING THE ENERGY CRISIS
Kraft Ehricke
Chief Science Advisor on Space
Rockwell International
Downey, California
Dr. Ehricke discussed natural terrestrial energy flows with
incident solar insolation being by far the largest. Only a minute frac-
tion goes via photosynthesis into fossil fuel reserves, so these are for
practical purposes not being renewed. Also the release of CO2 into the
atmosphere restricts their proper use.
Solar energy available, in billion kilowatt-hour per square kilo-
meter per year: at a point on the earth's surface 0.6 to 2.2; in earth orbit
(nearly constant sunshine) 11.8; on the moon (no atmosphere, but with day
and night) 5.9.
Estimated exploitable fossil-fuel reserves in units of 1018 Btu
and projected depletion date : coal 68--2470; peat 4.2; tar sand oil 1.7--
2150; shale oil 2.5--3070.
Waste heat is not a limiting factor on energy generation- whether
fossil, fission or fusion, for the planet as a whole. The 20 x 10 2 kWh
dumped into the environment in 1970 amounts to merely 0.05 kWh per square
meter of the globe's surface per year. The amount in the year 2000 will be
2 to 4 times as great.
The thermal waste per unit area is of course higher if only land
area is included. The figures are, in kilowatt hours per square meter per
year:
Year: 1980 2000 2030
Western Europe 1.8 6.6 19
North America 0.5 1.74 4.05
But even these values are seen to be small compared to the solar
input of about 1000 kilowatt hours per square meter per year.
We can locate on a world map the global heat sinks (arctic reg-
ions); areas of highest solar energy input (such as low latitude deserts)
and regions of high energy use (generally in correlation with population
density). This global view leads to Dr. Ehricke's Power Relay Satellite
(PRS) concept, for getting energy whether direct solar, hydro, nuclear
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(in heat sink area) or other, from places where it is produced to where it
is needed. The power would be converted to 10 cm microwaves and beamed at
the satellite, a large passive reflector in geosynchronous orbit with pre-
cise altitude control so that the beam is reflected to a fixed receiving
antenna on the ground relatively near where the energy is needed. To trans-
mit 9 x 109 watts the reflector could be 2000 feet square, made of 1 mm
diameter wire with 4 mm mesh size. Total weight which must be carried into
orbit by shuttle would be 26 to 28 tons. [About 20 channels of this capa-
city would be needed to carry the electrical power consumed in the U.S. in
1970--0.2 x 1012 watt] the transmission efficiency will be about 68%. The
losses are: DC to microwave 10%; transmission up 5%; loss on reflection 1%;
transmission down 5%; microwave to DC 15%; total loss 32%. [This checks:
each successive loss applies to a smaller power flow.]
THE ENERGY PROBLEM AS SEEN BY THE OFFICE OF THE PRESIDENT
William T. McCormick
Staff Assistant
The White House
Washington, D.C.
Dr. McCormick is a staff assistant in the Energy Policy Office
of the White House and is responsible for R&D for energy technology. He
views our current energy problem as serious with over 90 percent of the
energy consumed by the U.S. being hydrocarbons, hydro contributes 4 - 5
percent and nuclear less than I percent. However, nuclear is starting to
grow very quickly with 30 plants now in operation and some 150 under var-
ious stages of development.
Dr. McCormick feels that in this decade, well into the next dec-
ade, and perhaps even into the following decade, we will be largely depen-
dent upon fossil fuels for our energy.
He gave the following review of the state of fossil fuels:
Natural Gas
U.S. consumption in 1973 is estimated to be 37 percent higher than in
1966. The ratio of reserves to production has been dropping from 16/1 in
1966 to an estimated 9/1 in 1973.
Part of the problem caq be traced to the Interstate gas now reg-
ulated by the FPC at 2041000 ft3 has about 106 Btu; by comparison one
barrel of oil has 6 x 10 Btu and sells for about $3.00. This means that
the regulated price of gas in the interstate pipeline has been approximately
1/3 the price of domestic and import oil. We are selling our premium fuel
at a price 1/3 that of other fuels.
While the price of gas has been held low, oil costs have doubled
in the past four years. Dr. McCormick feels that FPC's rational was that
they were protecting the consumer by keeping gas prices down.
Dr. McCormick pointed out that many suppliers are selling gas
within their own state where the price may be twice the FPC regulated
price. What is left goes to the pipeline.
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Our gas reserves are dropping at such a rate that zero (0) re-
serves could occur within 10 to 15 years. Therefore, we must raise the
price of gas. The President's energy message to Congress on April 18
suggested this.
Dr. McCormick made the point that most of the price paid by the
consumer is transportation and a tripling of the price at the well will
not change the price too much to the consumer.
The proposal to deregulate gas is for new gas only to stop wind-
fall profits. Since only a fraction of the gas will be from new wells this
would not change the price appreciably.
Coal
Coal represents 90 percent of the total fossil fuel resources
of the U.S. and we have 1/2 of the world supply. However, production has
dropped from 600,000,000 tons to 590,000,000 tons in the past few years.
Of this 550,000,000 tons is steam coal.
McCormick feels there are three reasons for this decline in coal
production:
1. The Mining Safety Health Act
2. Impending Strip Mining Legislation
3. Environmental Restrictions
The Clean Air Act has caused the coal industry difficulties in
that many states have come up with both primary and secondary standard re-
quirements at the same time. These requirements could displace from 150
to 200 million tons of coal, and this will be done during a period when
there are no viable alternatives.
The proposed stripmining legislation would prohibit the strip-
mining on slopes greater than 150. Most of the low sulfur coal in the
East is on slopes greater than 15'.
Coal cost on a Btu basis is slightly less than oil.
Our coal status is summarized by stating that we have a lot of
it but we cannot mine it or use it.
Research is underway to eliminate pollution from coal. Areas
included are:
Liquefaction
Gasification
Scrubbing
Improved Combusters
Stack Gas
In the President's June 29 energy statement, he recommended a
$10,000,000 R&D on energy in the next 5 years with an additional $100,000,000
for 1974. Coal will have to be our out for the immediate future.
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By 1985, half of the oil used in this country will be imported.
This causes several problems.
1. National Security
2. Economic (Balance of Payments) $6,000,000,000 deficit this
year; projected $25,000,000,000 deficit by 1985.
3. Large amounts of money are going into the Sheiks' pockets
which could be used in a manner detrimental to the U.S.
Until this year, the mandatory oil import program restricted the
amount of oil imported in order to maintain domestic production. This was
abolished on April 18th and replaced by a license fee system. The idea of
this new system is to allow oil importation but not increase our depend-
ence. The system is constructed in such a way as to stimulate the building
of refineries in the U.S. Since its introduction, ten new refineries have
been announced and no new refineries were built in the past 20 years.
The petroleum industry has been working very hard to make refin-
eries non-polluting. The newer refineries are very good but the older ones
are rather poor. It is Dr. McCormick's impression that cost is not the
problem in rendering a refinery pollution free but rather it is caring at
the onset of planning a new refinery.
On or since the first energy message on April 18, the government
has acted on the following items: Natural Gas Supply Act, Deep Water Port
Facilities Act, Electrical Facilities Siting Act, and numerous others.
Dr. McCormick pointed out that the Alaskan field would produce
2 x 106 Bbl/day but that the companies are not required to ship the oil
to the 48 states. He feels that politics will dictate that the Alaskan
oil will not be exported.
The point was raised that the President's energy message was
only aimed at the man on the street. Dr. McCormick responded that this
was not the case and pointed to the following government actions:
o Federal Government is reducing its energy usage by 7 percent.
o Federal Government has upped FHA standards.
o FAA has requested airlines to reduce speeds and conserve fuels.
o NBS has studied a home in an environmental chamber that is
well instrumented. They found they can reduce energy con-
sumption in the home by 40 percent using retrofit techniques
and reduce it by 60 percent if the house is built from the
ground up. These numbers are based on a modest first cost
increase and no life cost increase.
Dr. McCormick stated that we did not know about the energy crisis
18 months ago. He said two years ago, it was hard to detect. The past few
years there have been large changes in consumption trends. He feels the
possibility of a fuel shortage this winter largely depends upon the weather.
The government's overall strategy on energy is to develop the
capability for self sufficiency so that we can keep prices on fuel down.
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Dr. McCormick feels that the energy crisis is not serious enough
for drastic action, but we do need volunteer action by the public. He gave
the Clean Air (auto) Act as an example where drastic action provided a solu-
tion for the pollution problem but cost us a great increase in energy usage.
This is an example of how environmental and energy concerns have conflicted.
Dr. McCormick feels the energy projections will be proven wrong
in the same population predictions of the past where shown to be wrong.
For research and development strategy, the government has taken
action. The proposed R&D money for energy is $10,000,000,000 over the next
five years. The strategy is:
Near Term: Develop technology to utilize coal
Mid Term: Online nuclear power development through the breeder
reactor. Development of solar and geothermal energy.
Long Term: Development of solar electrical and nuclear fusion
energy.
Last year we spent $643,000,000 on energy research, and in FY
74, we will increase this by $100,000,000. The proposed research effort
will be three times the present rate in the next five years.
Solar Research Fusion Research
FY 73 $ 4,000,000 $60,000,000
FY 74 $12,000,000 $88,000,000
Dr. McCormick would expect the $12,000,000 research funding in
solar in FY74 to double in FY75. He states that solar lags behind fusion
primarily because no demonstration feasibility studies. He admits fusion
has not been shown technically feasible but because of the great strides
made in recent years by its great potential, it will be pushed.
By 1985 we will have demonstrated
coal gasification (6 pilot plants now)
coal liquefaction (several demonstrations now)
Current energy organization
Department of Interior
Geothermal and Oil Shale
Oil and Gas
AEC
R&D for Nuclear Power
Materials
Breeder
Fusion
Uranium Enrichment
NSF (Solar primary responsibility)
Geothermal
Energy Systems Studies
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EPA
Stack Gas Cleaning Research
The new organization, DNER, will be cabinet level and will cen-
tralize all energy activities.
THE MASSACHUSETTS AUDUBON SOCIETY OFFICE BUILDING
Jim MacKenzie
Scientific Staff
Massachusetts Audubon Society
Lincoln, Massachusetts
Dr. MacKenzie is Chairman of Concerned Scientists and the proposer
of solar energy utilization in the new MAS office building. He served on
the NSF/NASA solar energy panel. He made the following points:
o The small office building (about 8000 square feet) is in the
planning stage and no construction has taken place. Mr. Jim
Burke of A. D. Little, Inc. is engineer in charge of the
project.
o Motivation for including solar energy in the building is to
provide a major positive vehicle for solar energy utilization.
Much is to be learned by doing!
o Fixed flat plate collectors and two-day thermal storage and
much insulation are the basis for solar heating. Solar cool-
ing is to be accomplished with an absorptive refrigeration
machine backed up with a compression refrigerator. An avail-
able duck pond will not be used; rather, a small cooling tower
will be built for heat rejection. Cold storage will be con-
sidered in a later study phase.
o A. D. Little, Inc. is conducting a solar technology assessment
costing $30,000. Suggested ASHRAE type standards for solar
heating and cooling will be proposed. Problems will be en-
countered with building codes but these have proven to be
flexible in the past.
o Solar data collected after 1955 is of questionable value
because of instrumentation errors. Comfort studies will be
investigated. Lighting levels will be reduced to minimize
heat generation.
o The MAS building will have an auditorium and high public ex-
posure.
o Building costs are expected to be high and cost overruns are
included in cost estimates. Financing is to be accomplished
by public contributions although much support is expected from
large banking institutions.
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ENERGY CONSERVATION AND SOLAR ENERGY
Fred Dubin
President and Consulting Engineer
Dubin, Mindell, Bloome Associates
New York, New York
Mr. Dubin is a consulting mechanical engineer who has been in-
terested in energy conservation in buildings for a number of years. He
has been a practitioner of the "Systems Approach" but hasn't known what
to call his approach until recently.
He began his discussion with some comments about operating or
life cycle costs of mechanical equipment in buildings. He spoke of
Manchester, New Hampshire GSA project Federal Office Building (F.O.B.)
which is planned as a demonstration of energy conserving ideas in archi-
tecutral and engineering design.
At the outset of the design/planning feasibility analysis of the
Manchester F.O.B., Dubin, Mindell Bloome, Associates, (DMBA) set for them-
selves the goal of 35 percent energy saving over the energy consumed an
a "normal" building of this type. By computer analysis of heat flow and
considering such variables as siting (site orientation), size, shape,
materials, story heights, percentage of glass area, placement of glass,
insulation thickness and location and shading fctors among others, they
were able to establish a basic value of 16 x 10 Btu/yr. building-energy-
consumption for typical combinations of the above variables. By optimiz-
ing the realtionship of these factors, a basic value of 10 x 10 Btu/yr.
was reached. One half of this saving was accomplished with no increase
in first costs and one half of the saving with "favorable life cycle cost-
ing;" i.e., a payback expected within a reasonable lifetime at standard
interest rates on first cost investment for additional equipment.
A recommendation was made for the continuation of studies of
this nature by studying six basic building types (i.e., schools, residences,
commercial public and industrial buildings--the largest energy consumers)
under at least five different basic climatic conditions to establish para-
metric rules of thumb concerning energy conservation in the heating and
cooling of buildings.
The Manchester project places priority on demonstration of energy
conservation techniques over the demonstration of minimal environmental
impact, whereas the Saginaw, Michigan Federal Office Building places empha-
sis on the demonstration of environmental enhancement over energy conserva-
tion and recycling will not be employed at the Manchester site because
these techniques require the use of more energy.
DMBA anticipates the competitiveness of solar energy within a
very few years based on projected costs, so they are recommending the
incorporation of a solar heating and cooling system, with a close detailed
look at collector design and cost. No engineering firm can now predict the
performance of a solar collection system due to the paucity of weather data,
microclimatic differences and the basic, unpredictable nature of the weather.
The question of zoning and land use planning in establishing
"solarian rights" is also raised. What are the legal implications of
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building next to a solar collector and cutting off its access to sunlight?
There are also problems in the application of data from research
done to solar houses to the conditions peculiar to high rise office build-ings where the thermal mass, diurnal temperature fluctuations and nature ofheating and cooling loads may be entirely different.
The possibility of heat-driven air conditioning (using perhaps the absorp-
tion principle) must be the subject of further investigation to establish
a reasonable degree of confidence in its potential for success. The firm
ARKLA and more recently Carrier have available units which will work at
generator temperatures of 1900 F. DMBA is currently considering three lo-
cations for consideration of solar driven heating and possible cooling
systems: Manchester, N. H., Brattleboro, Vt. and Millbrook, N. Y. with
Philadelphia as a future possibility. The systems currently being contem-
plated have 36 hours storage and a supplementary system (auxiliary system)
which is capable of delivering full capacity. These systems will supply
approximately 75 percent of the building's heating needs. The computer
program used for determining heating cooling loads are those availablefrom the National Bureau of Standards and A.S.H.R.A.E. (American Society
of Heating, Refrigeration, and Air Conditioning Engineers).
Basically the Manchester F.O.B. is planned to be seven stories high, square
in cross section and zoned to allow "experiments" in heating, cooling, ven-
tilation and lighting. There are three different mechanical systems (out
of 15 considered) present in the building, and one floor has an exterior
wall containing 30 percent glass (with nighttime thermal barriers) to per-
mit natural lighting around the perimeter of the floor. The south wall is
the least energy consuming wall and the north wall is window free to dim-
inish heat losses. Plans include using two 10,000 gallon tanks for hot
water storage and one 10,000 gallon tank for chilled water storage. An
energy generator will serve as a power source to run some fans with a heat
recovery system driving an absorption air conditioner.
The 50,000 sq. ft. solar demonstration project sponsored by NASA-
Lewis to be built this fall at Langley Field (George Heery of Heery and
Heery, Atlanta, Georgia, Architect) was mentioned. Corning Glass and Gru-
mman Aerospace are working on a vacum tube collector for this application.
In preliminary tests these tubes have been reported to have reached inter-
nal temperatures of 400 F at zero below rate.
The DMBA project near Brattleboro, Vt. is planned as a ten-unit
condominium, with each apartment at 1,000 sq. ft. The solar collector
will cover the parking spaces and will have an area of 4,000 square feet.
Normally insulation and constructed apartments of this nature generally
have a heat loss of 12,000 Btu per degree day but DMBA has designed these
to lose 8,500 Btu per degree day. The hope is to construct the collector
for $6/square foot, increasing the cost of construction for each apartment
by $3,000. The developer anticipates financing this increased cost out of
a portion of his profits.
At this point, the group adjourned and met individually with Mr.
Dubin. He expressed guarded optimism about the future of solar heating and
cooling of buildings and was generally skeptical of market analyses at this
point in time. He pointed out that proper energy conserving design was of
first order priority and solar utilization of second priority in any fuel
saving program.
APPENDIX C SCENARIO DOCUMENTATION
Brookhaven (AET-8) Projections
In April of 1972, the Brookhaven National Laboratory published their often
quoted projections of the consumption and supply of U.S. energy through
the year 2020. The main elements of this projection are shown in Figure
C-l.
This projection demonstrates the typical approach to "solving" the energy
problem, i.e., project the demand and then expand the supply to meet it,
regardless of the consequences. Following is a brief outline of some of
the probable impacts, assuming these projections are true:
o Nuclear: An 800 fold increase in nuclear generating capacity
by year 2020 means that an equivalent of 2700 one-gigawatt
nuclear plants will have to be constructed within the next
47 years. (1200 plants by year 2000). This would require a
major national committment, since most of the technological,
fabrication, fueling, siting, financing and environmental
problems of large scale nuclear generation are still unsolved.
For this much nuclear power to be economically and environ-
mentally feasible, it will be necessary that the breeder
reactor be commercially available by 1990.
o Coal: Considerable R&D effort and capital investment in
pollution abatement devices and in coal gasification and
liquification processes will be required before a 6 fold
increase in coal use would be environmentally tolerable.
Practical and inexpensive land reclamation methods for strip
mining will also have to be developed.
o Oil: A threefold increase in oi.1l would require that a
tremendous amount of oil (estimated at up to $80 billion/
year be imported by the year 2020. Imports would still
be significant even if off-shore and Alaskan deposits are
tapped and the technology and economics of obtaining oil
from shale are made more viable.
o Gas: To use natural gas at a constant rate for the next 47
years would severely deplete the known U.S. reserves, unless
a considerable amount of gas were imported.
U.S. Department of Interior (DOI)
The U.S. Department of Interior's latest (December 1972) projections of
consumption (total gross energy inputs) and supply through the year 2000
are shown in Figure C-2 and Table C-l. A breakdown of consumption by
major users is shown in Figure C-3 and Table C-2. A percentage breakdown
by supply (source) and users (sectors) is shown respectively in Table C-3
and Table C-4.
The DOI projections are based on the following assumptions:
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Table C-I. PROJECTED ENERGY SOURCES 1, 2 (10 15 Btu)
Energy Source 19713 1975 1980 1985 2000
Domestic
Coal 12.56 13.83 15.44 19.47 25.86
Oil (Lower 48) 22.57 22.13 20.72 18.55 12.09
Oil (Alaska) 3.05 4.05 7.12
Oil (Synthetic) 1.00 2.01
Gas (Natural) 21.81 22.64 22.96 22.51 22.85
Gas (Synth:Coal) .70 2.00 5.50
Nuclear Power .41 2.56 6.72 11.75 49.23
Hydropower 2.80 3.57 3.99 4.32 5.95
Subtotal 60.15 64.73 73.58 83.65 130.61
Imported
Oil 7.92 12.96 18.42 27.10 50.16
Gas .92 2.58 4.02 5.88 11.13
Subtotal 8.84 15.54 22.44 32.98 61.29
Total 68.99 80.27 96.02 116.63 191.90
1. U. S. Dept. of the Interior, "U. S. Energy Through the Year 2000", S.N. 2400-00775, Dec. 1972.
2. Sources allocated to meet demand projected in report1 and include fuel and non-fuel uses of
fossil sources.
3. Actual.
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Table C-2. PROJECTED U.S. ENERGY CONSUMPTION BY SECTOR1, 2 (1015 Btu)
Sector 19713 1975 1980 1985 2000
Residential & Commercial 14.28 15.94 17.50 18.96 21.92
Industrial 20.29 22.85 24.84 27.52 39.30
Transportation 16.97 19.07 22.84 27.09 42.61
Electric Generation 17.44 22.41 29.97 40.39 80.38
Synthetic Gas - - .87 2.67 7.69
Total 68.99 80.27 96.02 116.63 191.90
1. U. S. Dept. of the Interior, "U. S. Energy Through the Year 2000", S.N. 2400-00775, Dec. 1972.
2. Sectors allocated to meet demand projected in report1 and include fuel and non-fuel uses of
fossil sources.
3. Actual.
Table C-3. PERCENT OF TOTAL CONSUMPTION BY SOURCE 1
Source 19712 1975 1980 1985 2000
Domestic
Coal 18.2 17.2 16.1 16.7 13.5
Oil (Lower 48) 32.7 27.6 21.6 15.9 6.3
Oil (Alaskan) 
- 3.2 3.5 3.7
Oil (Synthetic) 
-
-
- 0.9 1.0
Gas (Natural) 31.6 28.3 23.8 19.3 11.9
Gas (Synthetic: Coal) 
- 0.7 1.7 2.9
Nuclear Power 0.6 3.2 7.0 10.1 25.6
Hydropower 4.1 4.4 4.2 3.7 3.1
Subtotal 87.2 80.7 76.6 71.8 68.0
Imported
Oil 11.5 16.1 19.2 23.2 26.2
Gas 1.3 3.2 4.2 5.0 5.8
Subtotal 12.8 19.3 23.4 28.2 32.0
1Calculated from "U.S. Energy Through the Year 2000", U. S. Department of Interior,
S.N. 2400-00775, December 1972.
2Actual o
4
Table C-4. PERCENT OF TOTAL CONSUMPTION BY SECTOR1
Sector 19712 1975 1980 1985 2000
Residential and Commercial 20.7 19.8 18.2 16.3 11.4
Industrial 29.4 28.5 25.9 23.6 20.5
Transportation 24.6 23.8 23.8 23.2 22.2
Electric Generation 25.3 27.9 31.2 34.6 41.9
Synthetic Gas (Coal) - - 0.9 2.3 4.0
1Calculated from "U.S. Energy Through the Year 2000", U. S. Department of Interior,
S.N. 2400-00775, December 1972.
2
Actual
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o Hydropower has very limited expansion capability.
o The high temperature gas reaction and the liquid metal fast
breeder reactor will have to be viable to attain the nuclear
power projection by the year 2000.
o The environmental and capital problem created by rapidly in-
creasing the use of coal will be overcome.
o The processes for manufacturing synthetic oil and gas from coal
will be perfected before the year 2000.
o New oil and gas reserves will be discovered.
o Obtaining oil from shale will be viable before the year 2000.
o An increasingly larger segment of the population will become
saturated with central heating, air conditioning and other energy
intensive devices.
o GNP will increase 4.3%/year to 1980 and 4%/year to 2000.
o Population will follow the average of the U.S. Bureau of Census
Series D and E projections.
o Per capita consumption will follow its present exponential trend
upward.
o Industrial production will grow at a rate of 5%/year to 1980 and
4%/year thereafter.
o Fuel prices will rise faster than other commodity prices.
o Imports of oil and gas will be allowed to increase sevenfold by
2000.
The impacts of meeting the DOI consumption curve are very similar to those
previously discussed for the Brookhaven projections, since the DOI projec-
tions through the year 2000 have roughly the same trends and amounts for the
same period.
Some interesting information can be gained by looking at the Tables C-5
through C-9 by the year 2000. The following statistics are projected:
o Nuclear power will increase from .6% of the total energy con-
sumed in 1971 to 25.6%.
o Electric generation will consume 41.9% of the total energy used;
whereas it now consumes only 25.3%. (Conversion losses will
increase from 17.3% to 27% of the total energy consumed.)
o Fossil fuel imports will increase from 12.8% to 32%. That is,
approximately 1/3 of our energy needs will be imported.
The impacts of this rapid growth in nuclear energy and foreign imports, if
permitted to happen, can have an adverse effect on our environment and
society.
Table C-5. U.S. ENERGY INPUTS PER CAPITAl (106 Btu)
Net Energy Gross Energy
Year per Capita 2  per Capita
19503 194.8 223.2
19603 211.5 246.8
19713 274.8 333.3
1975 301.2 371.4
1980 330.8 418.4
1985 369.9 479.2
2000 500.9 686.1
20204 675.0 962.0
1U.S. Department of the Interior, "U.S. Energy Through the Year 2000", S. N. 2400-00775,
December 1972.
2Includes non-fuel uses of fossil sources.
3Actual
4 Straight line projection from 1985 through 2000.
Table C-6. PROJECTED GEOTHERMAL ENERGY RESOURCES1 AND RESERVES2 (1015 Btu)
Moderate Intensive
Year R&D Effort R&D Effort
19723 0.006 0.006
1975 0.05 0.025
1980 0.35 1.20
1985 0.63 4.40
1990 1.17 8.08
2000 2.50 13.17
1. Hearings Before the Senate Committee on Interior and Insular Affairs, June 15-22, 1972,
Ser. No. 92-31.
2. Reserves: (a) Known recoverable - 1016 Btu, (b) undiscovered recoverable - 6-12 x 1016 Btu,
(c) paramarginal - 4 x 1018 Btu, submarginal - 4 x 1019 Btu.
3. Actual
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Table C-7. ESTIMATES OF U.S. AND WORLD ENERGY RESERVES1  (1018 Btu)
U.S. World
Known Undiscovered
Known Undiscovered Marginal or Marginal or
Source Recoverable Recoverable Submarginal Submarginal Total Total
Coal 4.6 29.0 55.0 89.0 350.0
Petroleum 0.28 1.16 0.23 1.71 3.4 36.0
Natural Gas 0.28 1.21 0.88 2.4 8.5-12.5
Natural Gas Liquids 0.03 0.14 0.28 0.4 1.1-1.9
Oil in Bituminous Rocks 0.01 -- 0.06 0.07 ?
Shale Oil 0.29 - 11.6 23.2 35.1 2,100.0
Subtotal Fossil Energy 5.5 2.6 41.0 81.0 130.0 2,500.0
Uranium2  0.223 (0.28-0.51)3 1.44-8.65 0.254-10.05 20.0 2.174
1Table 1 and 2, page 94, "Summary Report of the Cornell Workshop on Energy and Environment",
Feb. 22-24, 1972, Senate Committee on Interior and Insular Affairs, Serial No. 92-23.
2Uranium reserves are in terms of light water reactors. Breeder reactors would obtain at least
5- times the energy.
3Minable at $5 to $10/ton of U308.
4Minable at $10 to $30/ton of U308.
5Minable at $30 to $100/ton of U308.
Table C-8. DOMESTIC FOSSIL ENERGY RESERVES AND DEPLETION RATES
Usage Growth Rate 2 (1971 Usage) - %/Year
Source (Reserves)1  0 1 2 3 4 5 6 7 8
Gas (1490 x 1015 Btu)
Years to Depletion 68 52 44 38 34 30 28 26 24
Year Depleted 2039 2023 2015 2009 2005 2001 1999 1997 1995
Oil (1440 x 1015 Btu)
Years to Depletion 64 50 42 36 32 29 27 25 24
Year Depleted 2035 2021 2013 2007 2003 2000 1998 1996 1995
Coal (4600 x 1015 Btu)
Years to Depletion 366 154 107 84 70 61 54 49 44
Year Depleted 2337 2125 2078 2055 2041 2032 2025 2020 2015
Uranium (500 x 1015 Btu)
Years to Depletion (LWR)3  1220 258 163 122 99 85 74 66 60
Year Depleted (LWR) 3191 2229 2134 2093 2070 2056 2045 2037 2031
Known and undiscovered (estimated) recoverable domestic reserves (see table C-7) marginal or submarginal
reserves are included.
2The usage growth rate over the past decade has been 6% for gas, 4% for oil, and 6% for coal.
3The breeder reactor (LMFBR) obtains at least 50 times the energy from uranium as the light water
reactor (LWR). o
C..
Table C-9. DOMESTIC FOSSIL SOURCE USES PROJECTIONS 1  (1015 Btu)
Fossil Source 3  19712 1975 1980 1985 2000
Coal
Fuel Use 12.43 13.68 15.94 21.14 29.96
Non-fuel Uses (%)
Residential/Commercial -
Industrial 0.13(1.0) 0.15(1.1) 0.20(1.2) 0.33(1.5) 1.40(4.5)
Transportation - - - - -
Total 12.56 13.83 16.14 21.47 31.26
Oil
Fuel Use 19.44 18.33 19.31 18.38 12.78
Non-fuel Uses (%)4
Residential/Commercial 1.11(4.9) 1.20(5.4) 1.28(5.4) 1.32(5.6) 1.60(7.5)
Industrial 2.02(9.0) 2.60(11.8) 3.18(13.4) 3.90(16.5) 6.84(32.3
Transportation -
Total 22.57 22.13 23.77 23.60 21.22
Natural Gas
Fuel Use 21.12 21.94 22.91 23.71 27.45
Non-fuel Uses (%)4
Residential/Commercial - - - - -
Industrial 0.69(3.2) 0.70(3.1) 0.75(3.2) 0.80(3.3) 0.90(3.2)
Transportation - - - - -
Total 21.81 22.64 23.66 24.51 28.35
Total Fossil Fuel Use 52.99 53.95 58.06 63.23 69.99
Total Fossil Non-fuel Uses (%) 3.95(7.5) 4.65(7.9) 5.41(8.5) 6.35(9.1) 10.74(13.3
Total Fossil Sources 56.94 58.60 63.47 69.58 80.73
1Derived from "U.S. Energy Through the Year 2000", U. S. Dept. of Interior, S.N. 2400-00775,
December 1972.
2Actual
3Domestic sources only.
4primarily asphalt and road oil for residential/commercial sector, chemical feedstocks for
industrial sector and lubes and greases (not significant above) for transportation sector.
APPENDIX D. SURVEY INFORMATION
Letter sent to U.S. Congressmen:
This summer Auburn University, with support from the National Aero-
nautics and Space Administration and the American Society for Engineering
Education, is conducting a Systems Engineering Design Program at the
Marshall Space Flight Center in Huntsville, Alabama. The topic of the
program is "The Application of Solar Energy to the Energy Crisis".
As a member of the Summer Design Program, I am particularly interested
in identifying the opinions of key national political decision-makers
toward the so-called "national energy crisis" and in finding out whether
they feel solar energy might effectively be applied to help solve the
"current energy shortage". Accordingly, I would especially like to
have your thoughts on these matters. Furthermore, I would be extremely
interested in obtaining any related information which you might have.
Your cooperation in this matter will certainly be appreciated. I look
forward to hearing from you in the near future.
Sincerely,
Solar Energy Summer Faculty Fellow
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Economic and Political Leaders Interview
1. Do you believe there is, or will be in the near future (year 2000)
a.crisis in meeting the nation's energy needs?
2. What energy sources will become most predominant in the future?
3. Do you think that the Federal Government will supervise the supply
and demand of energy more in the future?
4. What do you think the role of solar energy will be in meeting the
nation's energy demands in the future?
5. Do you think the use of solar energy is a short-term technologically
feasible endeavor (in terms of implementation)?
6. Would you support a proposal to implement solar energy as a means
to alleviate any future energy problems?
7. Do you believe private enterprise will consider the development of
solar energy as a financially sound investment?
8. Do you believe the Federal Government will invest in the development
of solar energy?
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ENERGY QUESTIONNAIRE (Telephone)
Summer, 1973
1. In what city and state do you live?
City_
State
2. Do you think there is a shortage of fuel in the United States today?
a. Yes
b. No
c. No Opinion
3. Do you think there is a shortage of electricity in the United
States today?
a. Yes
b. No
c. No Opinion
4. Today, energy is (choose one)
a. inexpensive
b. a reasonable cost
c. very costly
5. Which of the following sources of energy would you prefer to use
in your home?
a. solar energy or coal d. solar energy or natural gas
b. nuclear energy or natural gas e. natural gas or coal
c. coal or nuclear energy f. nuclear energy or solar energy
6. Do you think energy from the sun could be used to solve an energy
shortage in the United States?
a. Yes
b. No
c. No Opinion
7. If energy from the sun were available, would you be willing to use
it in your home?
a. Yes
b. No
c. No Opinion
8. In the future, do you think the energy supply of the United States
should be controlled and administered by
a. Private Industry
b. Federal Government
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9. Do you favor the federal government spending your tax dollar to
solve the energy problem?
a. Yes
b. No
c. No Opinion
10. How old are you and what is your occupation?
age
occupation
5. Which of the following sources of energy would you prefer to use in your home?
a. er or Coal d. ne or Natural Gas
b. clearener or Natural Gas e. al Gaor Coal
c. Coal or arener f. Nuclear energy or Solar energy Jo PIre'erence)
ENERGES SOLAR ENERGY NUCLEAR ENERGY COAL NATURAL GAS TOTALS
SOLAR 0 +1 +1 +2
ENERGY
NUCLEAR +1 +1 +2
ENERGY 0
COAL -1 -1 
-3
NATURAL +1 -1
GAS - --
Resulting Preferential Order: 1. Solar & Nuclear Energy
2. Natural Gas
3. Coal
The above example illustrates the application of a "pairing technique"analysis to be applied
to the results of Question 5 in the public opinion survey.
APPENDIX E. EXAMPLE WORKSHEETS
DISCUSSED IN 11-3
PAGE 11-14
Table E-1.EXAMPLE WORKSHEET OF QUESTIONS, ANSWERS, AND PROBLEMS r
LOCATION
Questions: o Where is the building situated geographically?
o What type of region is this (desert, megalopolis, plains, mountainous)?
o What are the immediate environs (meadow, suburb, prairie, forest, ghetto)?
o Is the building susceptible to vandalism, floods, hail storms, tornadoes, etc.?
Audubon Saginaw
Answers Problems Answers Problems
o Lincoln, Massachusetts o Cold winter area o Saginaw, Michigan o Declining Neighborhood
o Country area near o Possible vandalism a Small city in North a Cold winter area
small town Midwest
o Heavily wooded, hilly o Fringe of urban renewal a Vandalism
area
o 20 miles west of Boston
o 80 miles north of Detroit o Questionable region
o 420 21'N Latitude for engineering
feasibilities
0 430N latitude
o No shading problems; sur-
rounded by low and medium
high-rise buildings
Table E-1. (Continued)
RATIONALE
questions: o For what purposes is the building needed?
o Why is the building located where it is?
o Is the building to serve as a demonstration of solar heating and cooling?
Of the conservation or ecology ethic? Of equal rights? Etc.?
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Answers Problems Answers Problems
o MAS demonstration of 0 GSA environmental energy o Poor planning
solar H/C and energy conservation demonstration
conservation
o Office space for 177 federal o Solar H/C is ao Near existing MAS employees gimmickbuilding & parking
o Conservation and ecology
o Consolidates office ethics
space and services
" Solar H/C demonstration
o Solar H/C demonstration
o Conservation and ecology
ethics
Table E-1. (Continued)
SPONSORS
Questions: o Who are the actual initiators of the building?
o Who are the apparent initiators of the building?
o Who is responsible for the building after it is completed?
o Can any joint responsibilities be spelled out, along with the anticipated consequences
of defaults?
Audubon Saginaw
Answers Problems Answers Problems
o Massachusetts Audubon o Government Services Admini- 0 Architectural firm
Society stration (GSA) losing money
o James MacKenzie o Arthur F. Sampson, GSA o Solar consultant not
always available
o Arthur D. Little, Inc. o Pittsburgh Plate Glass
0 Only one solar con-
o Cambridge Seven o Alcoa sultant
o George D. L~f o Smith, Hinchman, and Grylls,
Associates, Inc.
Table E-1.(Continued)
SITING
questions: 0 What is the local character of the building site (geologically, biologically, socially,
etc.)?
o What are the dimensions, shape, and topography of the site? (Need a plat?)
o What is the area of the site (square feet, acres, etc.)?
o Where is the building on the site (centered, side, etc.)?
o What is the orientation of the building (aligned east-west, facing north, etc.)?
o What relation does the building bear to nearby buildings, streets, parks, etc.?
" Will the zoning laws be a problem?
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Answers Problems Answers Problems
o Site slopes 1:10 to 0 Zoning lanes re- 0 Oriented N-S o Bldg. excessively
South quire no heights large for site
over 35 feet 0 Almost fills whole
o 8,000 sq. ft. rectangular lot 0 Bldg. should be E-W,
but site doesn't
o Facing south 0 200' x 500' permit
o Just south of existing 0 125,500 sq. ft. 0 Maximum visual impact
bldg. (Gordon Hall) & of solar collector
north of highway a Minimum visual impact
of building
o One story bldg., with four
sections terraced up 4' each
m
Table E-I. (Continued)
BUILDING TYPE
Questions: o What is a good description of the building (small office building, apartment complex,
retail food store, etc.)?
o If the building consists of several parts, can they be described generically?
o What relationship does this building bear to others of its type?
o What is the building style (split-level, multi-storied, etc.)?
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Answers Problems Answers Problems
o Small o Medium sized o Single story
o Commercial office 0 Single story o Terraced roof
bldg.
o Federal office bldg.
o Energy conservation
stressed throughout
bldg.
Table E-l. (Continued)
BUILDING FUNCTIONS
Questions: o What functions must the building be capable of accommodating (8-5 office activity,
lectures, service, wholesale/retail merchandising, etc.)?
o What people, and how many, must the building serve functionally?
o What is the timetable of activities to occur in the building?
o Must the building function round-the-clock (24 hours a day)?
o Will part of the building thermal control be accomplished by architectural design
("passive control")?
o Will the building serve as an advertisement for an organization, idea, etc.?
Audubon Saginaw
Answers Problems Answers Problems
" Promote solar H/C, 0 Low public awareness-- 0 Contains service function a Relationship of
environmental and not used after busi- of branch offices of 4 business office
conservation ethic ness hours federal organizations: and community
Postal Service, Depts. center
o White-collar workers of Agriculture, Treasury,
(office space, library, and HEW 0 Psychological
active hall, darkroom, awareness of
filmroom) with hours 0 Serve as aesthetic landmark users
8 a.m. to 5 p.m. in redevelopment area of city
" Serves staff of 30, 40 0 White-collar workers with hours
in lecture hall, and of 8 a.m. to 5 p.m.
25 visitors
Roof used for landscaped parking
o Passive thermal control area for 120 automobiles
o Community gathering bldg. after
business hours
0 Demonstration for solar energy
TableE-l.(Continued)
BUILDING CHARACTERISTICS
questions: o How complete a set of blueprints is available?
o What is the square footage of the building?
o What are the details of construction, materials, etc.?
o Can one describe all doors, windows, walkways, roofs, walls, etc.?
o Is the building to be prefabricated or architecturally unusual in any sense?
o How much (additional) space is planned for the solar system(s)?
o What safety features are there (sprinkling systems, fire escapes, etc.)?
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Answers Problems Answers Problems
o Multi-split level; 2 o Is bldg. connected o 51,600 sq. ft. floor area o N-S orientation optimal?
stories to Gordon Hall? o Terraced roof o Is terraced roof optional?
o Floor plan available o Bldg. oriented N-S and o Is low lying plan of
o 8,000 sq. ft. floor area collector oriented E-W minimum environmental
o High library roof space o Bldg. has low visual impact to site?
for ventilation profile
o Southern roof is 3,500 sq.
ft., tilted 450 up
0 Aesthetically compatible
with Gordon Hall
o Exposed working
o Thermopane glass on
clerestory
o U-factors in range .13-
.08 BTU/ohr. ft.2
Table E-1. (Continued)
SOLAR DATA
questions: o What is the site latitude (for sun angle considerations)?
o What are the shadowing aspects of the site (trees, nearby high-rise structures,
clear horizon to the south, mountains, etc.)?
o What are the solar insolation characteristics of the site?
o Does the local atmosphere exhibit smog, fog, etc.?
o What cloud cover data are available for the site?
o Are the solar data needed for design available, or must they be interpolated?
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Answers Problems Answers Problems
o Latitude 420 21' N o Had to cut down o Latitude 430N o Why Cleveland?
trees to minimize
o Data from Blue Hills, shading effects 0 Data from APEC computer 0 Serious deficiency
Boston, Windsor Locks, program and 1972 ASHRAE of data--design
and.Concord, Handbook for Fundamentals could be incorrect
N. H. by factor of two or
o Cleveland, Ohio, used as greater
0 Pyranograph to be at reference point
site
o No shading effects from
trees or other objects
o Little smog
to0
Table E-1. (Continued)
CLIMATIC DATA
Questions: o Is the climatic region of the site coastal, Sonoran, tundra, etc.?
o What types of climatic data are available for the site (temperature, humidity, wind
speed and direction, cloud cover, precipitation, climatic extremes, etc.)?
o Must climatic data be interpolated to the site from nearby stations?
o What are the site characteristics in terms of heating/cooling degree-days?
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Answers Problems Answers Problems
o Airport climate station o Climatic data from same o Same problem as with
nearby source as solar data solar data, but
somewhat less
o Climate data from same o Cold climate - snow critical
source as solar data
o Prevailing winds over
NW (winter) and SW
(summer)
o Some ice storms and much
snow
Table E-1. (Continued)
BUILDING THERMAL DATA
Questions: o What are the structural features of the building pertinent to thermal considerations
(walls, floors, ceilings, roofs, doors, windows, etc.)?
o What are the thermal characteristics of all construction materials and structures
(U-values)?
o What types of insulation are being used?
o What are the energy inputs to the building (people, lights, stoves, furnaces, sunlight,
etc.)?
o What are the time schedules of human and machine activity in the building?
o What are the anticipated heating, cooling, and hot water loads?
o If energy conservation is to be taken into account, how will it be implemented?
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Answers Problems Answers Problems
o U-factor, .13 to .08 o 3 feet of soil on roof a Roof design could have
o Anticipate non-solar energy 0 U factor 0.2 water leakage
inputs to bldg. available a Cooling always required
o Heating load range 1,34, during hours bldg.
260-320,360 BTU/hr. occupied
o Cooling load range 17-26 tons 0 177 regular occupants with
A/C varying transient human
o Hot water demands 100 gallons occupancy thermal loading
per day o Solar shading employed
o Glass walls for natural
lighting
o Thermal load reduced from
normal 4-5 watts/sq.
ft. to 2-3 watts/sq. ft. m
Table E-1. (Continued)
BUILDING THERMAL DATA (Continued)
Saginaw
Answers
o 80 percent indirect
o Recycled materials (rubbish,
garbage) in wall panels
o Large open office space with
long roof spans and few
columns
Table E-1. (Continued)
SOLAR ENGINEERING
Questions: o What kind of solar energy collector is used?
o What are the area and tilt angle of the flat plate collectors?
o What are the thermal transport and working fluids and their properties?
o Can the energy storage system be specified in detail?
o What equipment will accomplish the space heating and cooling (hot air, heat pump, etc.)?
o What are the solar system design loads (percent of total heating and cooling)?
o What becomes of waste heat energy (cooling tower, cooling pond, thermal pollution, etc.)
o Are the solar system components modular, mass-produced,off-the-shelf?
o What precautions are taken for unusual events (fluid leaks, broken collectors, lightning
strikes, etc.)?
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Answers Problems Answers Problems
o Standard two pane, a Eric Farber design consul- o Collector of an "experi-
absorber flat-plate tant mental" nature
collector of 3,500 sq. 0 8,000 sq. ft. flat plate o Ethylene-glycol/water
ft. collector mixture has unfavor-
o Water is fluid for storage o Collector dimensions 40 ft. able freezing/expan-
o Li Br fluid for A/C x 200 ft. sion characteristics
o Organic fluids (Dowtherm or a Collector tilted 530 from o If water used, 20,000
Ucon ) as collector working horizontal to 140 W of South gallon storage tank
fluid a Three alternative heat trans- necessary
a Collector tiled at 450 angle port media--air, water,
a Hot/cold storage in 7,500 gallon ethylene-glycol/water mixture
insulated tank o Pittsburg Plate Glass performing
a Wet-evaporative cooling tower some of engineering functions m
(6'x4'x6') for collector design
Table E-1. (Continued)
SOLAR ENGINEERING (Continued)
Audubon Saginaw
Answers Problems Answers Problems
o Arkla Li Br absorption o Interior heat pump
A/C is 15 ton with system
7 1/2 ton electrical 0 70 percent of space heating
auxiliary unit needs supplied
o Storage for two days in winter, o All hot water needs
less than one day in summer supplied
o Heating unit rating of 220,000
Btu/hr.
o Principal design of solar
equipment by Arthur D. Little, Inc.
o ASHRAE handbook used for design
considerations
o Collector array mounted on top
of roof
o 60-75 percent of annual heating
load supplied
o Significant proportion of cooling
load supplied
o All hot water needs supplied
Table E-l. (Continued)
NON-SOLAR H/C EQUIPMENT
Questions: o What types of supplemental and backup heating and cooling equipment is contemplated?
o What will happen to this equipment in an electrical blackout or fuel shortage?
o What are the supplementary fuels (electricity, fuel oil, natural gas, etc.) and how
are they to be received, stored, and used?
o Will the heat input from people, lighting, machine activity, etc. be used to supplement
the heating, and what happens with respect to the cooling?
o Is any backup equipment really needed at all?
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Answers Problems Answers Problems
o 7 1/2 ton backup A/C o Delivery and storage o Oil fueled boiler auxiliary * No natural ventilation
of oil heating
o 220,000 Btu/hr. backup 
O Heat pumps are elec-(gas or oil) furnace o Economizer cycle for use of tricity intensive
outside ambient air for
o Electric dehumidifier cooling o Future absorption
cooling?
o Heat loss from lighting O Heat rejection cooling tower
used as heating aid
Table E-1. (Continued)
SCHEDULES
Questions: o What are the anticipated time schedules for site procurement, preliminary design of
building and equipment, consultation, architectural efforts, final design and
engineering, construction bid letting and contracting, actual construction and
installation, occupancy, etc.?
o What is the time schedule of activities within the building?
o Are there any other important time schedules?
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Answers Answers
o Conventional breakout 12 months o GSA contract signed 2/25/72 o Let contract 12/73
o Solar climate control incorporated a Peer evaluation by GSA 4/13/72 o Complete construction
20 months 1/3/75 to 6/3/75
o Environmental/conservation ethic
o Future solar building 12 months introduced 6/72 Problems
o Hope to have funding by 12/73 o Solar energy concept introduced a Firm did not know this
between 6/72 and 9/72 was solar building
until 6 months after
o Information from other institu- contract was signed
tions (i.e., private, university,
government, etc.),began requesting o Poor planning of
10/72 schedules
o Alternative concepts of GSA pre-
sented to architect 1/73
o Began design development phase
2/21/73
o Advertise bids 10/73
o Open bids 11/73
Table E-1. (Continued)
COSTS
questions: 0 What is the total anticipated cost?
o Does this cost include inflation, delays and setbacks, overruns, etc.?
o What is the detailed breakdown of costs, and is such a budget available?
o What are the incremental costs due to using solar heating and cooling (total and
in dollars per million Btu)?
o By what procedures have the costs been determined?
o Are there any "hidden" costs, and what are they?
o What budget is allotted to maintenance, damages, and contingencies?
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Answers Answers Problems
o Land $50,000 o Maintenance costs o Anticipated cost is o First anticipated
included $4,000,500 as of 1/73 cost $3,786,000
o Basic building $525,000
o Construction costs 0 Cost for design develop- o Why only $6,000 Too
o Solar climate control average about $35/ ment (Farber) $6,000 low.
$185,00 square foot
o Cost does not include site o Cost of site?
o Project management and Problems
public education o Architectural contract on o $4,000,000 total cost
$140,000 a $1,000,000 total cost-plus basis
costs
o Escrow (unforseen costs/ o Construction cost average
risks) $100,000 about $75/square foot
o Total solar building
project $1,000,000
o Budget includes sewage
system and new parking
lot m
" On life-cycle costing
Table E-I. (Continued)
m
FINANCING
questions: o How will the building and its parts be financed (private gifts, grants, governmental
subsidies, earned revenues, borrowed monies, etc.)?
o Who is responsible for securing the funds, how will they be secured (fund-raising drive,
etc.), and on what time scale?
o Will the financing be accomplished by outright purchase (cash), amortization, life-cycle
costing, etc.?
o What happens in the event that some (or all) anticipated funds don't come through?
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Answers Problems Answers Problems
o Donations from industry a Public funds o Architectural firm
and individuals before losing $25,000 to
construction begins 0 To be bid soon $50,000
o Funding committments due
12/73
o Allen H. Morgan and Bruce
Farrell raising money
APPENDIX F. NATIONAL ENERGY MODEL
In developing a detailed, interactive systems model, the main
problem is in identifying and quantifying the cause and effect relation-
ships and interactions among all of the important variables. In the
course of this study, sufficient time was not available to do more than
identify most of the energy influencing variables and their interactions.
This qualitative energy model is shown in Figure F-l. It is not suggested
that this model is complete and totally accurate; it represents an attempt
to better understand the broader scope of the energy problem in a limited
time.
Figure F-1 presents a unique method for displaying a model
which is necessitated because a flow chart would be too complex to read
and a matrix format would be prohibitatively large. To read this figure,
consider variable 1, which is "Governmental R&D Support In Coal": In:
20, 23, 24, 28, 29 means that the variables 20, 23, 24, 28 and 29
directly influence variable 1; Out: 12 means that variable 1, in turn,
directly influences variable 12.
Before discussion of Figure F-l, it should be noted that the
model does not contain Gross National Product (GNP) as a parameter,
which in several references on energy is, maintained to be very important. The
main argument for using GNP as a model parameter is that for over 70
years the GNP and the total U. S. energy consumed have risen at roughly the same
rate; hence, the conclusion: The U.S. cannot have an expanding GNP
without proportionally using more energy.
As discussed in Chapter 1, energy consumption, except in times
of war and depression, appears to follow population growth very closely.
Also, at least from 1940, energy consumption per unit GNP steadily
declined until 1965; since 1965 it has risen sharply. The relationship
between energy consumed and GNP is not at all clear; hence, it is
discounted as a major, direct driving force in an energy model.
To better illustrate what information is contained in this
energy model, some of its interesting feedback loops will be discussed
below.
Price Control Effects. The adverse effects which U.S. Government
controls on natural gas pricing have had can be seen as follows: price
controls (4) on gas at the well-head affect the delivered gas price
(21) which, because it is held artificially low, makes it more attractive
and creates a large demand (18), which, in turn, rapidly depletes the
tapped reserves (30) and creates an apparently real shortage (24) which
should affect the price controls (4), but as of this writing (August, 1973)
it has not. Is this a real gas shortage (24) we are experiencing?
No! Looking further at the model we see that the artificially low
price of gas (21) has discouraged exploration (16) for new reserves
(which are known to exist) and has thus created an artificial shortage
,A_/
Governmental Technological Economic Social Environmental
R&D SUPPORT R&D IMPLEMENTATION ENERGY DEMAND POPULATION RESERVES
'1
1. Coal 12. Coal-Gas/Liquid 18. Fossil Fuel 27. Growth(Exog.) 30. Fossil Fuel
In: 20, 23, 24 In: 1, 18, 24, 26 In: 7, 11, 15, In: - In: 6, 16, 18, 20
2-8, 29 29 21, 25, 27 Out: 10, 18, 19 Out: 24
Out: 12 Out: 21 Out: 5, 11, 12 20, 28 31. Nuclear
2. Other fossil 13. Other Fossil Fuels 13, 21, 30 In: 17, 19
fuels In: 2, 18, 24, 26 32 PRESSURES Out: 24
In: 23, 24, 29 19. Nuclear 28. Econ/Political
28, 29 Out: 21 In: 7, 11, 15 In: 11, 21, 22 POLLUTION
Out: 13 14. Nuclear 22, 25, 27 24, 25, 27 32. Amount
3. Nuclear In: 3, 19, 24, 26 Out: 14, 22 Out: 1, 2, 3, 4 In: 15, 18, 19
In: 20, 23, 24 29 31. 32 8, 10, 23 Out: 29
28, 29 Out: 22 NON-ENERGY DEMAND
Out: 14 15. Anti-Pollution 29. Anti-Pollution
Devices 20. Fossil Sources In: 32
CONTROLS In: 7, 26, 29 In: 11, 21, 27 Out: 1, 2, 3, 7
Out: 18, 19, 21 Out: 1, 3, 8 12, 13, 14
4. Price 22, 32 30 15
In: 11, 24, 25 EXPLORATION 21. Fossil Fuel
28 In: 4, 5, 12
Out: 21, 22, 26 16. Fossil Fuel 13, 15,18
5. Oil Imports In: 7, 9, 21, 24 24, 25 LEGEND
In: 11, 18, 23 26 Out: 16, 18
24 Out: 9, 25, 30 20, 26, 28
Out: 21, 23 17. Nuclear 22. Nuclear (In = input from: input variables to variable
6. Coal Exports In: 7, 9, 22, 24 In: 4, 14, 15 X affect the value of X;
In: 23, 24 26 19, 24, 25 Out = output to: variable X, in turn, affects
Out: 23, 30 Out: 9, 25, 31 Out: 17, 19, other variables which it outputs to; underlined
7. Pollution 26, 28 numbers represent presently inactive branches.)
In: 29
Out: 15, 16, 17
18, 19
Figure F-I. INTERACTIVE MODEL OF PRESENT ENERGY SITUATION
Governmental Technological Economic Social Environmental
8. Resource Con- INTERNATIONAL
servation
In: 20, 24, 28 23. Trade Deficit
Out: 25 In: 5, 6, 28
9. Tax Incentives Out: 1 , 2, 3,
In: 11, 16, 17 5, 6, 10
24
Out: 16, 17, 26 SHORTAGE OF FUELS
10. Federal Reserve
In: 23, 27, 28 24. Real
Out: 26 In: 30, 31
11. Wars (Exog.) Out: 1, 2, 3, 4
In: 18, 24 5, 6, 8, 9
Out: 4, 5, 9 11, 12, 13
18, 19, 20 14, 16, 17
25, 28 21, 22, 28
25. Artificial
In: 8, 11, 16
17
Out: 4, 18, 19
21, 22, 28
FINANCING
26. Construction
In: 4, 9, 10, 21
22
Out: 12, 13, 14
15, 16, 17
Figure F-I. (continued)
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(25) which should affect price controls, but in the case of a real shortage,
does not.
Pollution Effect. The recent surge in environmental control can be
followed in this model. As coal usage (18) increased, pollution (32)
increased, which eventually caused some anti-pollution pressures (29)
from society; this then pressured the Government to pass anti-pollution
legislation (7) which forced industry to develop and use anti-pollution
devices (15) which reduced pollution (32). On the other hand two
deleterious effects have occured which were not planned: (a) anti-
pollution devices (15) decrease the efficiency of power plants and, hence,
force the increase in coal usage (18) to get the same output as before,
and (b) the use of anti-pollution concepts (15), such as strip mining
reclamation and coal scrubbing, has raised the effective Drice of coal
(21), our most abundant fossil fuel, to a point where oil and gas, our
low reserve fossil fuels, are now being used more and more to fire power
plants.
Governmental R&D Funding. What is behind the government's push to
develop nuclear power? The shortage of fossil fuels (24),-the pressure
from society (28) to have more energy, and the consequental need for
more oil imports with its attendent trade deficit (23) have caused the
government to greatly fund nuclear power R&D (3) which speeds up the
R&D and implementation of nuclear power (14) which makes nuclear power
more attractive price-wise (22) which increases its demand (19) which
increases pollution (32) in the form of nuclear waste disposal, cooling
water discharge temperatures, and the increased potential of nuclear
accidents, which causes social anti-pollution pressures (29) which is
felt as a slowdown in the R&D and implementation of nuclear power (14)
but an increase in Governmental R&D funding (3).
There are many more feedback loops incorporated in the
energy model of Figure F-1. It will now be shown how the development
of solar energy fits into this picture.
Solar Energy Submodel.
Solar energy was shown in Chapter 3 to be (a) a viable intermed-
iate-term candidate for easing the energy problem and (b), possibly,
the only long-range alternative when the limited supply of fossil and
nuclear fuels is considered.
In Figure F-1, solar energy did not play a role. For solar
energy to make a significant contribution in alleviating the energy
problem, its interaction with the present energy model will probably
occur as is suggested in Figure F-2.
As can be seen in Figure F-2, the recognition of a need for
solar energy (39) will be influenced by the increased non-energy
demand for fossil fuels (20), the rise in fossil fuel and nuclear
power prices (21, 22), the increasing trade deficit from importing oil (23),
the shortages in fossil and nuclear fuels (24) and anti-pollution pressures
from society.
Govern mental Technological Economic Social
R&D SUPPORT R&D ENERGY DEMAND RECOGNIZE NEED FOR
33. Solar Devices 35. Solar Devices 37. Solar Energy 39. Solar Energy
In: 1, 2, 3, 28, 39 In: 33, 39 In: 27, 36, 38, 39 In: 20, 21, 22
Out: 1, 2, 3, 35 Out: 38 Out: 18, 19, 36, 38 23, 24, 29
Out: 28, 33, 34
IMPLEMENTATION SUPPORT IMPLEMENTATION DEVICES PRICES 35, 36, 37
34. Solar Devices 36. Solar Devices 38. Solar Devices
In: 26, 28, 38, 39 In: 26, 34, 37, 39 In: 35, 36, 37
Out: 36 Out: 37, 38 Out: 26, 34, 37
LEGEND
(Use with Figure F-1)
(In = input from: input variables to variable
x affect the value of x;
Out = output to: variable x, in turn, affects
other variables which it outputs to; underlined
numbers represent presently inactive branches.)
Figure F-2. SOLAR ENERGY SUBMODEL
I
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Once the need (39) for solar energy is recognized and societal
pressures (28) increase, the government will increase its R&D funding
(33) which will advance the state-of-the-art (35) and reduce the price of
solar devices (38) which will make them more attractive (37) to the
general public.
Unlike conventional power sources, solar power will probably
make its early impact in the form of self-contained units for individual
buildings. Since this will cause each building owner to invest in his
own power equipment, it will be essential that the government develop
parallel support for the implementation of solar power (34), preferably
through private industry (36) which can both effectively lower the price
(38) and make the devices more attractive (37).
Although considerably more work needs to be done to develop
a more complete and accurate model, the models presented above were
of value in this project for identifying the major interactive components
that had to be studied from a systems point of view.
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APPENDIX G, PHYSICAL QUANTITIES, NAMES OF UNITS
SYMBOLS AND CONVERSION FACTORS
BASIC UNITS (SI)
Quantity Name Symbol
Length meter m
Mass kilogram kg
Time second s
Electric current ampere A
Temperature kelvin K
Luminous intensity candela cd
DERIVED UNITS (SI)
Area square meter m2
Volume cubic meter m3
Frequency hertz Hz
Power watt (joule/sec) W or J/s
Work, energy, joule J
quantity of heat
Luminous flux lumen lm o cd'sr
Luminance candela per sq. meter cd/me
Illumination lux lx or lm/m 2
Entropy joule per kelvin J/K
Thermal conductivity watt per meter kelvin Wm-1K-1
Radiant intensity watt per steradian W/sr
PREFIXES
Multiplier Prefix Symbol
1012 tera T
109 giga G
106 mega M
103 kilo k
102 hecto h
10 deka da
10-1 deci d
10-2 centi c
10-3 milli m
10-6 micro 1
10-9 nano n
10-12 pico P
10-15 femto f
10-18 atto a
G-2
CONVERSION FACTORS
To Convert From To Multiply By
angstrom (A) meter (m) 1 E-1O
British thermal unit (Btu) joule (J) 1055
calorie ( ) joule (J) 4.18
erg joule (J) 1 E-7
horsepower (hp) watt (W) 746
kip newton (N) 4448
langley joule/meter2 (J/m2  41840
phot lumen/meter2 (1Im/m ) 10000
kilowatt hour (kWh) joule (J) 3.6 E 6
Btu/second watt (W) 1055
Temperature
Celsius (C) kelvin K) tK tC + 273.15
Fahrenheit (F) kelvin K) tK = (tF + 459.67)
Fahrenheit (F) Celsius (C) tC = 5 (tF - 32)9
Rankine (R) kelvin (K) t 5 tK 9 R
